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57 ABSTRACT 
An automatic chromosome analysis system is provided 
wherein a suitably prepared slide with chromosome 
spreads thereon is placed on the stage of an automated 
microscope. The automated microscope stage is com 
puter operated to move the slide to enable detection of 
chromosome spreads on the slide. The X and Y location 
of each chromosome spread that is detected is stored. 
At the conclusion of this searching operation, the com 
puter directs the microscope to again sequence through 
the chromosome spread locations in response to the 
stored X and Y locations. At this time an operator can 
view these spreads to determine which ones are worth 
while and which ones are not. He is provided with an 
accept-reject switch. The microscope stage thereafter 
again sequences through only the accepted chromo 
some spreads, and this time a digital photograph of each 
of the chromosome spreads is made and entered into the 
computer storage. The computer thereafter measures 
the chromosomes in a spread, classifies them by group 
or by type and also prepares a digital karyotype image. 
This image is converted to analog form, displayed and 
printed out and constitutes a primary output of the 
system. Chromosome measurement data is filed in an 
interactive data base for subsequent statistical analysis. 
The computer system can also prepare a patient report 
summarizing the result of the analysis and listing sus 
pected abnormalities. 

15 Claims, 4 Drawing Figures 
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AUTOMATED CLN CAL SYSTEM FOR 
CHROMOSOME ANALYSS 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per 
formance of work under a NASA contract and is sub 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

This invention relates to automated medical analysis 
equipment and more particularly to improvements 
therein. 

Since the introduction of a method allowing micro 
scopic examination of individual human chromosomes, 
the karyotype has emerged as a tool of increasing diag 
nostic value. Under microscopic examination, the chro 
mosomes, from a somatic cell in the metaphase stage of 
cell division, appear in scattered disarray. The karyo 
type is a systematic grouping of metaphase chromo 
somes from a single cell. This grouping was conceived 
to assist the geneticist in the identification of individual 
chromosomes. In normal humans, the 46 chromosomes 
can be reliably ordered into 24 types (seven groups). 
The diagnostic value of the karyotype is predicated 
upon the existence of a consistent pattern in normal 
patients and the correlation of certain chromosomal 
aberrations with specific clinical observations. There 
are two types of chromosomal irregularities: numerical 
and structural. Numerical aberrations exist when the 
number of chromosomes in one or more groups differs 
from the normal case. Structural aberrations manifest 
themselves in many forms, some presumably unob 
served as yet. Those which presently merit nomencla 
ture, amongst others, include variations in arm length 
and centromere position. 
At present, manual karyotyping is so tedious and 

expensive that its general application is usually limited 
to those situations involving a suspected abnormality. In 
these circumstances, the clinical evidence is often so 
overpowering that the karyotype serves primarily as a 
corroborative tool. In a addition, manual karyotyping 
offers little prospect of quantitative data. It is desirable 
to extend karyotype analysis to the clinically asymp 
tomatic situation. For example, screening all newborns 
by karyotype may detect certain inherited disorders 
long before clinical symptoms appear. As the potency 
and reliability of the karyotype improves, fetal karyoty 
ping through amniocentesis may become a routine part 
of prenatal care. Screening studies on large populations 
offer the potential of uncovering the effects of industrial 
and environmental poisons, aging, and long term low 
dosage ionizing radiations. These factors may manifest 
themselves in subtle structural aberrations requiring 
detailed analysis of the chromosome morphology. The 
ability to process cells rapidly and inexpensively would 
also aid in the detection of mosaicism, in which two or 
more cytogenetically distinct lines of cells exist in the 
individual. 
There are certain functional requirements for an auto 

mated chromosome analysis system which should be 
met before widespread acceptance thereof can be antici 
pated. One of these is that the system should be compat 
ible with current practice producing results compatible 
with those obtained with the present manual system of 
analysis. Further, the system should provide significant 
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2 
time savings in processing cytogenetic specimens with 
out sacrificing accuracy. Its cost should not be prohibi 
tive and it should be accurate. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

An object of this invention is to provide a system for 
automating chromosome karyotyping. 
Another object of this invention is to provide an 

automated chromosome analysis system which is com 
patible with current practice. 

Still another object of this present invention is one 
which operates rapidly without sacrificing accuracy, 
and which reduces the cost. 
The foregoing and other objects of the invention are 

achieved in a system wherein a previously prepared 
slide, which has a number of chromosome spreads is 
mounted on the stage of a microscope. Under instruc 
tions of a computer, a search of the slide is undertaken 
to locate the various chromosome spreads on the slide. 
The spread locations are stored. At the end of the slide 
search, it is again initiated with the stage of the micro 
scope being stopped at each chromosome spread loca 
tion, to enable a human observer to inspect the chromo 
some spread and determine whether it is acceptable for 
the purpose of analysis or not. If it is not acceptable the 
observer pushes a button whereby its location is re 
moved from the spread storage list and the microscope 
stage is moved to the next location, The microscope 
automatically focuses at each location. 

After all of the chromosome spread locations have 
been inspected, the microscope is again actuated to 
move its stage so that each one of the accepted chromo 
some spreads are passed under the optics of the micro 
scope for the purpose of enabling digital pictures of the 
various spreads to be generated and stored in memory. 
The computer then proceeds to locate and analyze the 
chromosomes in each of the chromosome spreads by 
measuring the chromosomes, classifying them by group 
or by type and preparing a digital karyotype image 
format. This image is then converted to pictorial form 
and displayed on an image display tube to enable any 
corrections, if needed. A joystick control is provided so 
that a cursor, which is produced on the display tube 
screen can have its position moved whereby the opera 
tor an point out to the computer objects in the image 
which he wants removed or chromosomes which need 
repositioning. Communication with the computer is 
made using a typewriter. The corrected karyotype 
image is then printed out. Provision is also made for a 
printout of the computer analysis of the optical image 
derived from a slide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic drawing of a chromosome anal 
ysis system, in accordance with this invention. 

FIG. 2 is a schematic drawing of the apparatus used 
to drive the microscope stage. 
FIG. 3 is a flow chart illustrative of the searching and 

detecting operation, in accordance with this invention. 
FIG. 4 is a flow chart illustrating the analysis opera 

tion in accordance with this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block schematic diagram of the configura 
tion of the system in accordance with this invention. 
The preparation of glass slides containing stained meta 
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phase chromosome spreads suitable for use with this 
invention is known. The slides can be prepared by dif 
ferent techniques, such as the homogeneous Giemsa 
staining technique or by the Trypsin-Giemsa banding 
technique. Slides are produced with patient identifica 
tion marks. A specimen slide 10 is placed on the stage 12 
of a microscope 14. The stage 12 is motorized, that is it 
is capable of being driven in the X, Y and Z directions 
by three stage motors 16. The stage motors may either 
be controlled via a motor control interface circuit ar 
rangement 18, from a computer 20, or by a stage joy 
stick 22, when it is enabled to control stage position. A 
stage keyboard 24 enables an operator to select the 
mode of operation desired, that is, either computer 
mode or operator mode. Control of the selection is 
normally with the operator; however the computer has 
the option to override the operator mode and/or to 
inhibit subsequent selection of the operator mode. The 
mode of operation is displayed by a stage display 26. A 
typewriter 27 serves to enable entry of data, instructions 
or queries into the computer or to receive data from the 
computer. 
The configuration of the optical imaging system of 

the microscope allows the specimen to be viewed simul 
taneously through a binocular eyepiece 28 and by a 
television camera 30. The output of the television cam 
era is applied to a monitor 32, to an image digitizing 
system, 34 and also to circuitry designated as "Spread 
Detector and Auto Focus Unit' 36. 
The Spread Detector and Auto Focus Unit 36 com 

prises circuitry which serves the function of detecting 
the presence of a chromosome spread and also for auto 
matically focusing the television camera equipment for 
performing these functions is described in an article 
entitled "Metaphase Spread Detection and Focus Using 
Closed Circuit Television,' by Johnson and Goforth, 
published in The Journal of Histochemistry and Cyto 
chemistry in 1974, by the Histochemical Society, Inc. 
The Image Digitizing System 34 serves the purpose of 
digitizing the image being viewed by the television 
camera which is then entered into computer memory. 
The computer 20 processes each digital image, as will 
be described and arranges each image in a karyotype 
format. A gray level display system 37 displays a karyo 
type image the information for which is supplied by the 
computer. A joystick 38 associated with the gray level 
display system is used for positioning a cursor at a loca 
tion on the face of the display system for the purpose of 
pointing out certain locations or objects in the display 
to the computer. The computer can then be instructed 
by the typewriter to correct the object designated by 
the cursor, i.e. correct or erase, etc. 
The hard copy printout of a karyotype image is pro 

duced in response to the corrected karyotype informa 
tion received from the computer. This is applied to the 
hard copy interface circuit 40. This constitutes a circuit 
for converting the corrected digital karyotype digital 
signals to analog form and the associated timing re 
quired for enabling the hard copy output device 42, 
wich is essentially a facsimile printer, to print out a 
karyotype picture from the analog signals. 

FIG. 2 is a block schematic diagram illustrating the 
circuits used in controlling movements of the motorized 
stage of the microscope. The stage is driven in the X, Y 
and Z directions respectively by three motors 50, 52, 
and 54. The Z motor is driven in the --Z or -Z direc 
tion by signals from the computer in response to focus 
drive apparatus 56 in the Spread Detector and Autofo 
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4. 
cus Unit 36 (FIG. 1). Both X and Y motors are driven 
in the --X or -X directions and -- Y or - Y directions 
in response to outputs froma +X Orgate 58, or a -X 
Orgate 60 and a +Y Orgate 62, or a -Y Orgate 64. 
The inputs to these Or gates, come either from the 
computer 20, through logic circuits to be described or 
from the joystick pulse generator 66, as determined by 
whether the operation is to be in the manual mode or 
the computer mode. 

In the manual mode, the direction in which the joy 
stick is moved determines whether pulses are provided 
on a --X, or a -X or a -- Y or a -Y line. --X and -X 
pulses are applied, in response to joystick motion, from 
the joystick oscillator to And gates 68 and 71 respec 
tively. These And gates are enabled in response to the 
output of a mode flip flop 74. When flip flop 74 is set by 
means of switch 76 to its manual mode, then And gates 
68 through 72 are enabled. The other output of the flip 
flop indicates that the system is in its computer mode. 
Flip flop 74 can be set in its computer mode by means of 
a manual switch 76, or the computer can override the 
switch 76 if a situation arises where computer operation 
must be maintained. 
When in the computer mode, the output of flip flop 

74 enables an And gate 78 to transfer pulses received 
from a pulse generator 81, within the computer 20, to 
another And gate 80, and also to four And gates 82, 84, 
86 and 88 whose outputs respectively provide pulse 
inputs to the Orgates 58, 60, 62 and 64. 
And gates 82 and 84 are three input And gates. One of 

the inputs required to enable And gate 82 is the output 
of an X direction flip flop 90. The computer determines 
which direction the stage is to move, when the system 
is in the computer mode,and for one direction sets flip 
flop 90 with its --X output whereby And gate 82 re 
ceives one of its two required enabling inputs. The 
computer sets the flip flop with its -X output high for 
the opposite direction, whereby And gate 84 receives 
one of its two required enabling inputs. Similarly a Y 
direction flip flop 92 is provided which for one direc 
tion is set with its --Y output high thereby providing 
one of the two enabling inputs required by And gate 86, 
and for the opposite direction its - Y output is high 
whereby And gate 88 receives one of two required 
enabling inputs. 
The second required enabling input to And gates 82 

and 84 is provided by an inverter 94, which is driven by 
the output of a zero detector 96. The zero detector 
senses when an X motor drive register 98 has reached 
zero at which time it supplies an output to the inverter 
94 whereby And gates 82 and 84 are disenabled. 
A similar function is provided by a Y motor drive 

register 100. When it reaches zero, this is sensed by a 
zero detector 102. The zero detector output drives an 
inverter whereby And gates 86 and 88, which are other 
wise enabled becomes disenabled. 
The absolute X position of the microscope stage 12 is 

maintained by an X cumulative position register 106, 
which can provide this information to the computer. 
The X cumulative position register is a reversible 
counter which can receive --X and -X pulses which 
are applied to the X motor 50, whereby the X cumula 
tive position register is driven to retain the exact X 
position of the microscope stage. The computer gener 
ates an X coordinate number representing the location 
to which it desires the microscope stage to move in the 
X direction. This number is subtracted from the number 
in the X cumulative position register. The difference 
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represents the distance along the X axis, the microscope 
stage must move and also represents the number of 
pulses required to complete such a move. This number 
is entered into the X motor drive register 98 by the 
computer. The pulse generator 81 is then instructed to 
commence supplying pulses, and if And gate 78 is en 
abled, as it should be in the computer mode, then these 
pulses are applied through And gate 80 to the X motor 
drive register, causing it to count down towards zero. 
These pulses from the pulse generator 81 are also ap 
plied to all of the And gates 82, through 86. 

Since the motor drive register is in its non-zero state, 
until it has counted down to zero, the one of the two X 
And gates 82, 84 which is enabled by the X direction 
flip flop 90 will be able to apply pulses to the X motor 
causing it to drive the microscope stage. When the X 
motor drive register reaches zero, this is detected, and 
the And gate which has been applying pulses to the X 
motor is disenabled. 
The circuitry for driving the Y motor in the com 

puter mode is the same as the circuitry used for driving 
the X motor in the computer mode. A Y cumulative 
position mode register 107 retains the absolute Y posi 
tion of the microscope stage 12. It is driven in response 
to the same pulses which are applied to the --Y and -Y 
inputs to the Y motor 52. This cumulative position is 
supplied to the computer which determines the location 
along the Y axis to which it desires the microscope stage 
to move. This is subtracted from the Y cumulative posi 
tion information and the difference is applied to the Y 
motor drive register by the computer. Pulses from the 
pulse generator 81 are applied to an And gate 110, 
which is enabled when the Y motor drive register is not 
in its zero position. These pulses start to drive the Y 
motor drive register and are also applied to the +Y and 
-Y And gates 62 and 64. The one of these two which 
is enabled is determined by the output of the Y flip flop 
92. 

Accordingly, the Y motor is driven until it reaches 
the position determined by the computer at which time 
the Y motor drive register will be at zero. This is de 
tected by the zero detector with the consequent in 
verter output 104 disenabling the one of the two And 
gates which was enabled by the Y flip flop 92. Also, no 
further pulses are applied to the Y motor drive register. 

Both the X and Y cumulative position register out 
puts are applied to an X and Y display 112 to be visually 
displayed. The display comprises apparatus which con 
verts the digital information in the X and Y cumulative 
position registers into visual information. 
FIG. 3 is a flow chart exemplifying the search mode 

of operation. When the computer starts a search the 
circuitry shown in FIG. 2 is instructed to move a prede 
termined amount in the X direction. In the embodiment 
of the invention which was constructed, each step of 
motion in either X or Y direction is 10 microns, how 
ever each move instruction from the computer in either 
the X or the Y direction is a 160 micron move. The field 
of view is 200 microns square, and a cell containing 
chromosomes is on the order of 80 microns in diameter. 
Accordingly, the instruction by the computer to the 
circuitry shown in FIG. 2 is to move the stage 160 
microns in the X direction and then to institute a delay 
in order to focus and to permit the spread detector to 
determine if a spread is present in the field of view. If 
there is a spread the X-Y coordinates of that location 
are stored by the computer. 
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6 
Next, a test is made to see if a limit of X travel which 

is the end of the X line has been reached. If it has not 
been reached, then the computer issues an instruction to 
move the next 160 microns in the X direction. If the end 
of the X line has been reached then a Y move instruc 
tion is issued. At the time of issuing the Y move instruc 
tion a test is made to see whether or not a limit of Y 
travel has been reached. If it has been reached, then the 
search mode is terminated. If it has not been reached, 
then an instruction to change the X direction is issued. 
The computer then moves in the Y direction and 
changes the X direction of motion by applying a signal 
to drive the X flip flop 90. Thereafter the microscope 
stage moves until it reaches the end of the new X line 
where the foregoing routine recurs. 
To clarify the foregoing, in the search mode the mi 

croscope stage is moved from the beginning to the end 
of one line. It is then instructed to move in the Y direc 
tion to the end of the adjacent line, and then instructed 
to move in the X direction back to the beginning of that 
adjacent line. At the beginning of that adjacent line the 
microscope stage is moved again in the Y direction one 
line and then starts again in the X direction towards the 
end of the line to which it has been moved. The micro 
scope slide is scanned in this manner from top to bottom 
over the entire area to be searched. 
Automatic focusing is carried out each time a chro 

mosome spread is detected. 
The television camera 30 scans a spread seen through 

the microscope and displays this on a monitor 32. The 
spread may also be viewed through the microscope 
viewing lens 28. Thus, during the editing mode, the 
operator can use either or both means for editing. 

After the editing mode, the system goes into its scan 
ning mode. It sequences the microscope stage to the 
locations of the chromosome spreads which have been 
accepted, automatically focuses the image, and digitizes 
the spread image into a scan data set (SDS). The digiti 
zation is accomplished by the television camera 30 and 
the image digitizing system 36. This equipment is com 
mercially available and, by way of example, in an em 
bodiment of the invention which was built, this equip 
ment, called the model 108 Computer Eye, was fur 
nished by a company called Spatial Data Systems, Inc. 
The camera scanned the image at the standard televi 
sion rate (525 lines, 60 frames per second, interlace 2:1) 
and produced a video signal which was monitored on 
the television display. The brightness value in the scan 
picture is sampled at each point of a 512 by 480 grid and 
converted to a 7-bit binary number. Points anywhere in 
the picture may be selected on the program control, or 
the digitization can proceed through all points in se 
quence. A cursor is displayed on the monitor to show 
the points to be digitized. 
As soon as the computer detects the presence of a 

spread image in one of the scan data sets provided by 
the image digitizing apparatus, it enters into its analysis 
mode. If the spread image is not to be karyotyped, the 
chromosomes are located, counted and displayed to the 
operator for verification. However, if the cell is to be 
karyotyped, a sequence of programs are executed to 
effect the karyotype analysis of the cell. These pro 
grams locate the chromosomes in a cell, orient them, 
extract measurements, classify the chromosomes and 
compose the digital karyotype. After the chromosomes 
have been isolated, they are displayed on the gray level 
display device 37 along with sequence numbers to allow 
the operator to correct cases of chromosome touching 
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and fragmentation. The karyotype is also displayed to 
allow the operator to verify correct classification. After 
the karyotype has been approved by the operator, it is 
formatted for output, combined with the spread image 
and copied into one of the output data sets. The analysis 
phase processes cell images one at a time from a raw 
spread image to digital karyotype. 

FIG. 4 represents a flow chart illustrating the steps in 
the analysis phase of operation which have just been 
described. SDS stands for scan data set. Each chromo 
some is tagged with a number. Where operator inter 
vention is required, in the case of the spread interaction 
or karyotype interaction, where break ups are to be 
fixed or chromosomes are touching, or other problems. 
The operator moves the interactive joystick to the loca 
tion of a picture element which required correction. 
The operator then, by means of the typewriter 27, types 
an instruction to the computer in response to which the 
computer performs the required operation. 
The gray level display system presents a picture of 

the chromosome spread which has been organized into 
the standard karyotype format for ease of diagnosis. 
Similar pairs of autosomes are collected and numbered 
with homologous pairs being numbered from 1 - 22 and 
similar pairs being collected into groups lettered A 
through G based on similar morphology. 
The gray level display device is a 1029 line television 

monitor driven by a scan converter called a Hughes 639 
scan converter. This is provided by the Hughes Aircraft 
Co. with instructions for its use and its operation. 
Hard copy printout is achieved by converting the 

digital elements into analog signals by the circuits 40, 
which are applied to the hard copy output device. This 
comprises essentially a facsimile recorder. 
There has accordingly been shown and described 

above, a novel and useful system for scanning chromo 
some spreads detecting those spreads; editing the de 
tected spreads. Thereafter digitizing the spread images, 
analyzing, classifying and placing a spread in a karyo 
type format. This format is displayed on a gray scale 
display for final correction. Then a hard copy printout 
of the corrected karyotype image is provided. 
The Appendix that follows provides a specific de 

scription of the computer programs as well as a copy of 
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the program, in the FORTRAN language, used on a 45 
DEC PDP-11 computer for performing the operations 
described. The computer is made by Digital Equipment 
Corporation, One Iran Way, Marlborough, Mass. This 
is to be considered as exemplary and not as limiting. The 
program can be translated for use on other types of 
general purpose computers, made by other manufactur 
ers by those skilled in the art. 
The chromosome indentification technique, that is a 

general description of a method of chromosome identi 
fication which was implemented by the programming is 
described in a volume entitled Chronosome Identifica 
tion edited by Torbjorn, Casperson and Lore Zech, 
which is a publication of Proceedings of the Twenty 
Third a Noble Symposia published by the Academic 
Press in 1973. The chromosome analysis procedure 
which was implemented by the programming is gener 
ally described in Perspectives in Genetics, edited by S. W. 
Wright et al., and published in 1972, by Charles C. 
Thomas. 

APPENDIX 

The computer has a core memory and the software 
fits into 64K bytes of core memory. It also has three disk 

50 

55 

drives each of which has two 2.5 million byte disk car 
tridges. The core memory is partitioned so that it can 
simultaneously perform three tasks; slide search, chro 
mosome spread analysis on a recorded digital picture of 
a chromosome spread; and pictorial output generation 
of an analyzed chromosome spread. All software runs 
under a disk operating system monitor supplied by the 
manufacturer, as well as maintenance and interactive 
statistical analysis. Automatic keryotyping runs under a 
specially written supervisor (CALMS). 

CALMS 

Purpose: Clinical ALMS supervisor - Controls slide 
search, scanning, analysis and hardcopy output of 
karyotypes or counts. 
The CALMS supervisor controls the three "parti 

tions,' search, analysis, and hardcopy. 
The supervisor occupies core from 30000 to 37777 

and includes the hardcopy driver. The search partition 
is permanently resident at locations 40000 to 46777. 
System subroutines are permanently resident at loca 
tions 47000 to 57777. 
Scan and analysis consist of 20 phases that residue on 

disk in core-image format. One phase at a time is loaded 
into locations 60000 to 156777 and called by the super 
visor. (Locations 157000 to 157775 may be used for 
COMMON storage.) 
Each analysis phase has a unique identifying number, 

from 1-20. Scan is phase 1, binary is phase 2, etc. The 
data set CALMS.OVR is used to store the phases. Each 
phase required 63 blocks. Program OVB is used to store 
a phase in CALMS.OVR after it has been linked with a 
bottom switch of 60000. 
The following batch stream builds scan (phase 1): 
SJOB (2,2 
SR LINK 
#DK5:PHASEACO,LP:/SH (CALMS,STB,- 
SCANEXITFTNLIB/B:60000/E 

SR OVB 
81 
SFI 
Similar batch streams build the other phases. 
An Analysis phase is loaded into core and then called 

as if it were a subroutine. The disk unit, file name and 
extension of the current scan data set are passed as 
parameters. The phase must return to the CALMS 
supervisor when it is finished. This can be done with a 
return statement in a subroutine or a call to the CALMS 
EXIT subroutine from a main program. 
The following symbols are used to define the scan 

and hardcopy data sets. 
NSDS = 3 # of scan data sets 
NHDS = 2 # of hardcopy data sets 
SDU = 5 scan disk unit (DK5:) 
HDU = 3 hardcopy disk unit (DK3:) 
The scan data sets are named S1,S2,S3. The hardcopy 

data sets are named H1, H2. They are stored under UIC 
2,2). Allocation of data sets is done by: 

60 NFSDS: WORD - # full scan data sets (F) 

65 

SDS:.BLKB NSDS if NFSDS contains F (F-0) the 
first F bytes contain the data set numbers (1=S1, 
2= S2, etc) ordered by time of scan. 

HDS; BLKB NHDS each byte gives the status of a 
particular data set: 
0 = available 
1 = in use by mask 
-1 = full (ready for hardcopy output) 
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When CALMS calls the MASK phase, it gives the 
current hardcopy data set as a parameter, instead of the 
current scan data set. When MASK returns, CALMS 
calls HCOPY, unless it is already operating. Whenever 
HCOPY finishes, it checks to see if another hardcopy 
data set is full, and if so, it starts to process it. 
HCOPY and SEARCH are interrupt-driven and 

must not call any non-reentrant DOS routines, because 
the routine they call might be the one that was inter 
rupted. 
OPEN results in a call to the .INIT routine which is 

not re-entrant because it gets buffer space for a DDB. 
Therefore, HCOPY and SEARCH cannot call OPEN. 
CALMS initially opens all the hardcopy data sets to 

find their start block numbers and saves them in the 
HSBN table. 
The CALMS supervisor flow chart illustrates its 

operation. The "idle loop' starts at S10 and the program 
will cycle until a spread can be scanned or analyzed, or 
a special request has been made (See Flow Chart 1). 

NSCAN is OF SPREAS IN SCAN QUEuE 

NFSDS - of scannED SPREADS IN ANALYSIS QUEuE 

CLEAR BNARY PARAMS 

NPHASE - O. i. 
MAsk, OR Noe? 

Plov 

10 

15 

20 

War I 

PPAR 
PROCESS RESTART 

And Phase PARAMETERS 

SEARCH 

10 
After a spread is scanned, the program INT1 is 

called. If the operator only wants to do a count, the 
spread will not be placed in the analysis queue, and the 
counting and masking are done at this time. 

If the spread is to be karyotyped, it will be added to 
the analysis queue, but if more spreads are to be scanned 
(and scan data sets are available), they will be scanned 
before analysis begins. When all spreads on a slide have 
been scanned, a new slide can be searched while spreads 
from the previous slide are karyotyped. 
Flow Chart 2 details the flow of data through the 

various program and data sets during the karyotyping 
process. 
The analysis loop begins at S75, and CALMS stays in 

this loop until the MASK phase is called (or a restart or 
abort is requested). 

After MASK is called, CALMS starts the hard copy 
partition (unless it is already running), and returns to the 
"idle loop." 

EnfsdS 
NPHASE = FPHASE 

SET FAULT PARAMS 
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SEARCH 

Purpose: Slide search edit, and focus. SEARCH par 
tition of CALMS 
SEARCH controls the microscope stage and handles 

the interrupts from the special-function keyboard and 
spread/focus data ready. Initially, CALMS calls 
SEARCH to set up some of the interrupts. Thereafter, 
SEARCH is interrupt-driven. 
The operator presses SEARCH start on the special 

function keyboard to start a search. Patient ID, sex, 
slide ID, and source are entered from the typewriter, 
before the SEARCH actually starts. The SEARCH 
pattern is a boustrophedon. Each step is 160 microns, 
and 60 horizontal steps are taken, before a vertical step 
is taken. Thus, the slide is searched in rows. 
SEARCH is entered via the spread/focus data ready 

interrupt, after each step. If the "spread' bit is on, the X 
and Y values are saved in the spread queue, SPQ. 
SEARCH will perform an auto-focus whenever 15 
steps have elapsed since the last auto-focus, and there is 
something to focus on. 
The operator can manually halt the search with the 

SEARCH halt key. He can then move to another area 
of the slide and resume the search by pressing 
SEARCH resume. SEARCH disables the spread/focus 
data ready interrupt when it receives a SEARCH hlt 
interrupt, and re-enables it for SEARCH resume. 
The SEARCH is terminated when 300 spreads have 

been found, or when the operator presses the edit-start 
key. 

Normally, both SEARCH and edit are done at 63X, 
and there is only one edit. (There is also an option to 
search at 40X and do a "low-magnification' edit at 40X, 
followed by a "high magnification" edit at 100X). 

V. 
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Edit moves the stage to each spread location saved in 
the spread queue and initiates an auto-focus sequence. 
The operator can reject the spread before the auto 
focus sequence finishes, and edit will immediately move 
to the next spread in the queue. If the auto-focus se 
quence finishes, edit turns on the operator action light 
and waits for the operator to press "accept," "reject," 
"next' or "last.' 
The operator normally centers the spreads he wishes 

to accept. When the accept key is pressed, edit saves the 
X and Y values in the same place in the queue and flags 
them by setting them negative. It also increments the 
rating for the spread by one each time the accept key is 
pressed. The ratings are stored in a byte table named 
SPR. 
When the reject key is pressed, spread rating is ze 

roed and the X and Y values are made positive. The 
stage is then moved to the next spread. 
The next key causes edit to move to the next spread 

without altering the accept-reject state. 
The last key causes edit to move to the previous 

spread. 
The edit finishes when the end of the queue is 

reached, or when the operator presses edit-end. The 
queue is then sorted according to rating. The highest 
rated spread is moved to the start of the queue, and the 
stage is moved to this spread in preparation for the first 
scan. At this point, the queue and other critical informa 
tion is saved, by calling WPARAM for phase one. This 
allows a scan restart at a later time. 
GNSTS is the entry point for the "get next spread to 

Scan' Subroutine. It initiates a motor move and auto 
focus on the next spread in the scan queue. CSPQ con 
tains the current location. It also enables a spiral search, 
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if search start is pressed. The spiral search is useful in 
locating a spread close to known coordinates. It takes 
steps of 50 microns in a spiral pattern and focuses when 
there is something to focus on. The operator can halt it 
or resume it with the search halt and resume keys. 
The focus routine can be entered via the focus key 

interrupt, or it can be called as a subroutine via a simu 
lated interrupt. It operates by initiating focus motor 
moves and executing an RTI instruction, after setting 
up the spread/focus data ready interrupt. When the 
move is completed, it is reentered and compares the 
new focus value with the old one to see what the next 
move should be. Each lens has an initial and final step 
based on its magnification. The step size is decreased 

O 

until the final step size is reached. The focus flow chart 15 
illustrates the algorithm. 

(See Flow Chart 3). 

OSPLAY FOCSKEY 
AS AS KEY 

FOCSUe 

ISABLE FOCUS INTERRUPT 
OEAPd = EAP OSDFPA = SOFPA 
FNDFSTEP And FLAST FOR THIS ENS 

SDFPA - FAO 
ENABLE SCRINTERRUPT 

SMUAEX 
in ERRUPT 

FOCUS KEY 
INTERRUPT 

F - FOCUS WALUE 

(RGH DRECTION Y N 
of try or 

dRECTION) 

FSTEP = -FSEP 

OLDF = F 
CALL FREL (FSTEP) 

SDFPA at F40 

F40 

F : FOCUS WAUE FSTEP = -FSTEP 

y N 
F > ODF 

Y 

FS FSTEP - -FSEPA2 AFSTEP/ s: FAST? 

Focus FLOW CHART 3 

SCAN 

Purpose: To scan a picture onto disk, display it on the 
gray scale, and calculate sector thresholds. 
SCAN uses the SDS data camera to scan a picture 

) 

14 
onto a disk. The picture is scanned by columns, with 
alternating even and odd TV fields, to achieve the mini 
mum scan time of 17 seconds. Each column is assembled 
in core and output as a line on disk and on the gray 
scale. The coils on the SDS monitor have been rotated 
so that the orientation is the same as on the gray scale 
monitor. 

Sector histograms are accumulated as the picture is 
scanned, and sector thresholds are calculated at the end 
of each row of sectors. The thresholds are typed out if 
SW1 is up, The thresholds are written after the last 
picture line. 
SCAN sets priority 6 during the pixel digitization 

loop to prevent interrupts from other devices which 
would cause it to lose "sync." Hardcopy interrupts 
(which are at priority 7) are the only ones allowed, due 

OOF - FOCUS WALUE 
CA, FRE FSTEP) 

sofa = F430 

cALL FREL (-2FSTEP) 
SDFPA = F440 

F = FOCUS waue 
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RE-ENABLET, UNLESS SPR PRESENT 

INSEARCH AND SW1. Up. 
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65 to their critical nature. When the hardcopy is running, the SCAN takes several seconds longer. 
SCAN converts pixel values of 0 to 1, and values of 

127 to 126. This allows cut and join lines to be differen 
tiated from normal data values. 
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SCAN stores the source code, patient ID and sex, 
slide ID, X and Y values, date and time of scan into the 
label of the output data set. 
The operator may enter additional information as the 

SCAN ID. 5 

BINARY 

Purpose: To segment the chromosomes and generate 
an edge file containing the end point coordinates for 
each segmented chromosome. 
BINARY will read in a scanned spread and assemble 

a reduced core image of binary sample points. Each 
sample point is obtained by averaging a 2X2 pixel area. 
If this average is above the sector threshold, then the 
sample point is recorded as a 1-bit. Otherwise, a zero bit 15 
is recorded. Thus a digitized spread of 500x480 pixels 
is reduced to a 250X240 grid of sample points. The 
resulting binary image is surrounded with zero bits to 
provide a physical boundary to keep the perimeter 
walker used in the segmentation algorithm from wan- 20 
dering off the edge of the picture. The binary reduction 
is accomplished through multiple calls to the subrou 
tines QTHR or STHR. 

After the binary image has been completely assem 
bled in core, it is scanned line-by-line for chromosomes 25 
(1-bits). Each chromosome is "segmented' by record 
ing its starting and ending coordinates on each scan line. 
Provision also exists for multiple segments to occur on 
any given line. (See Flow Chart 5) 
The segmentation algorithm is implemented in the 30 

subroutine SEGMENT, which scans the binary image 
line-by-line for chromosomes. The search is performed 
by ROACH, which scans each line from left to right, 
stopping only when it encounters a chromosome. The 

10 
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TRESHOld 
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SPREAD 

SKR -O- BNARY 

ADD SKERS TO 
SEGMEN END 
PONTS 

BINARY REDUCTION 
And SEGMENTATION 
OF CHROMOSOMES 

FLOW CHART 4 

16 
starting bit location of any chromosome found is re 
corded and control is transferred to the subroutine 
TURTLE. TURTLE will walk counterclockwise 
around the perimeter of the chromosome, recording the 
segment end. point coordinates as it proceeds. Since the 
coordinates are recorded in the order they are encoun 
tered along the perimeter, they must be rearranged so 
that they correspond to starting and ending segment 
coordinates. This is accomplished by sorting the coordi 
nates with the integer sort routine SORTIN. 

After a chromosome has been completely segmented, 
it must be removed from the image in order to prevent 
ROACH from re-encountering it while scanning the 
next line. The subroutine ERASE will use the segment 
coordinates to erase (set all 1-bits to zero) the chromo. 
some from the image. 
At this point, chromosomes may be accepted or re 

jected on the basis of length, width, area and perimeter 
measurements. All chromosomes thus accepted are 
recorded in an edge file, (see Flow Chart 5), in a format 
suitable for input to the phase SKIRT. 
PARAMETERS: All parameters are optional and 

may appear in any order except where specified. 
AREA followed by two integers representing the 
minimum and maximum allowable cross sectional 
88S. 

EP followed by two integers representing the mini 
mum and maximum number of perimeter points 
allowable. 

LENGTH followed by two integers representing the 
minimum and maximum allowable length. 

SKIRT followed by an integer representing the 
width of the skirt (in pixels) to be added to all the 
chromosomes during the SKIRT phase. 

CHROME 

SCANNED 
SPREAD 

ROB 

REHRESHOLD and 
SEGMENT OBJECTS 

GATHER CHROMOSOME 
GREY LEVES FROM 
SCANNED SPREAD 

CALMS Segmentation Sequence 
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OBJECT 
OBJECT 2 
OBJECT 3 

18 

INTEGER DIR (52) 

w 

3 

2 

UP TO 28 
SEGMENTS/RECORD 

F8.' - FIRST RECORD FOR O (XMIN, YMIN) ' - FIRS R 2JECT - - - - 2 - - - - - - (x, , , Y,)2(x,y - 
n = NUMBER OF END PONTS 23 2. Yi) 

*zy, 30. Y. - Y, 2 2°22' 

FLOW CHA R 5 

SKIRT 

Purpose: To increase the cross sectional area of each 
segmented chromosome by recomputing the segment 
end points and storing the results in a segment file suit 
able for input to the CHROME phase. 
SKIRT will increase the area of each chromosome by 

extending its boundary outward a uniform distance in 
all directions. (Flow Chart 6.) Each chromosome is thus 
skirted with marginal elements to prevent loss of data 
when the boundaries are recomputed during the rethre 
sholding step (ROB phase). SKIRT requires an edge file 
as input and generates a segment file. (See Flow Chart 
7). 

65 

- - - - 

(XMAX, YMAX) 

Edge File Format 

The width of the skirt is controlled by the parameter 
B (number of boundary samples), which is introduced in 
the BINARY phase. The chromosomes are enlarged by 
recomputing the segment end points, adding new seg 
ments where necessary and merging segments that have 
grown together. The segment end points are stored in 
the segment file as triplets (line coordinate and starting 
and ending sample coordinates). 
The background gray levels and thresholds for each 

chromosome are computed by estimating its center of 
mass and interpolating over the values for the four 
learest sectors. 
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NTEGER SDR (512) 
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S - ENING SEGMEN N DEX 

FLO! CHART 7 Segment File Format 
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CHROME 

Purpose: To gather the gray values of the segmented 
chromosome from the scanned spread and to store then 
in a chrome file. 
CHROME requires as input a scanned spread and its 

corresponding segment file. Using the segment end 
point coordinates, CHROME gathers the gray values 
for each chromosome and stores them in a chrome file 
in a format suitable for input to the ROB phase (Flow 
Chart 8). 

In order to avoid re-reading scan lines, chromosomes 
which appear on the same line are processed concur 
rently. For this reason, the gray values are stored in an 
intermediate buffer (CBUF) until an entire chromosome 
has been processed or the buffer becomes full. When all 
the gray values for a chromosome have been gathered 
in CBUF, the gray values and their associated segment 
end point coordinates are assembled in one or more 
chromosome records (see Flow Chart 8) and written 
onto the chrome file. This task is performed by the 

52 WORDS 
Ric - - 

SLO, SSO, NO, NSO, NOB, B, DPER 
ROB DiRECTORY 

LAST BOCK WREN 

CHROMOSOME 
RECORDS 

O 

5 

20 

22 
subroutine WBUF. If the intermediate buffer becomes 
full, the chromosome occupying the most space in the 
buffer will be assembled and written out with a call to 
WBUF. 
The intermediate buffer is partitioned into sections of 

a fixed size and formatted into a list structure to facili 
tate the allocation and release of buffer areas. The first 
word of each section contains the buffer index of the 
next section in the list (=0 for the last section in the list). 
The remaining words in each section is used to store 
gray level information. 

Initially, all the sections are formatted into a single 
list representing all available sections. The next free 
section index (NFSI) points to the beginning of this list, 
and is updated whenever sections are removed from or 
added to the front of the list. 
When sections are allocated to a chromosome, in 

dexes pointing to the first and last sections of the chro 
mosome list (FSI and LSI) are maintained in a chromo 
some directory. 

FNTEGER LBW (80) 

t = NUMBER OF THE LAS RECORD 
WREN FOR CHROMOSOME 

EACH CHROMOSOME RECORD HAS THE FOLLOWING FORMAT: 

2N SAMPLES 2N SAMPLES . . . 

WORD 

NUMBER OF THE PREVIOUS RECORD WRITTEN FOR THE CHROMOSOME 
(=O FOR THE FIRST RECORD OF EACH CHROMOSOME) 

2 NUMBER OF SEGMENTS IN HIS RECORD 

3 AND 4 LNE AND SAMPLE COORDNATES FOR FIRST SEGMEN 

5 NUMBER OF SAMPLE POINTS FOR FIRST SEGMENT (N) 

6 TO 4N-5 GREY EVES FOR FIRST SEGMENT. SNCE EACHSAMPLE PONT 
REPRESENTS A 2 X 2 PIXEL AREA, 4N PIXELS ARESTORED, OR 
2N, PXES EACH FROM TWO CONSECUTyELNES. 

4n-6 O ... 

FLOW HART 8 

SMARINFORMATION FOR THE SECOND SEGMENT 

Chrome File Format 
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ROB 

Purpose: To rethreshold and resegment the chromo 
somes and to store them in a chromosome file. 
ROB requires as input a chrome file containing seg 

ment end point coordinates and gray level information 
for each chromosome. Each chromosome is reassem 
bled in core and its histogram is generated. Based on its 
histogram, a new threshold is computed for the chro 
mosome. Using this new threshold, the chromosomes 
are resegmented by applying algorithms very similar to 
those used in the BINARY phase, except that the algo 
rithms are applied on the gray values themselves rather 
than on a binary reduction. 
The segmentation process begins with a line by line 

scan for pixels above the computed threshold. This task 
is performed by the subroutine ISEG, which records 
the location of any objects that it finds. The task of 
tracking the perimeter of the object is performed by the 
subroutine SOT (Son of Turtle), which records the 
segment end point coordinates as it walks around the 
object on a counterclockwise direction. The coordi 
nates are sorted to correspond to segment end points by 
the subroutine SORTIN. 
The segments are examined for pixels lying within the 

original boundary for the chromosome established in 
the BINARY phase. If this search fails (i.e., if the object 
lies completely in the skirt), the object is rejected. This 
is necessary to prevent fragments of neighboring chro 
mosomes from being included in the chromosome file. 
The object is then assembled into one or more chro 

mosome records and the space it occupied in core is 
zeroed out. The task of moving the object is performed 
by the subroutine REMOVE, which may optionally 
contrast stretch the gray values for maximal display. 
The object may be rejected at this point based on area 
measurements. The assembled chromosome records are 
written onto the chromosome file and the object en 
tered into a chromosome directory. 
The first record of the chromosome file contains the 

following: 

WORD 

Number of chromosomes (maximum of 60) 
2-241 Chromosome directory containing the following four 

numbers for each chromosome: 
FBW = First chromosome record written 

YMIN = Minimum line coordinate 
XMIN = Minimum sample coordinate 
LBW = Last chromosome record written 

242 
302 Thresholds used for each chromosome 

The second record contains the following: 
WORD 

1-60 Line coordinate of an internal point for each 
chromosome 

61-120 Sample coordinate of an internal point 
121-180 Perimeter measure for each chromosome 

The remainder of the file is composed of one or more 
contiguous chromosomes records for each chromo 
some. Each such record will contain the following: 

WORD 

1 Number of segments in this records 
2 Line coordinate for first segment 
3 Sample coordinate for first segment 
4 Number of samples (N) in segment 

5 to N-4 N Gray levels for this segment 
N-5 Line coordinate for second segment 
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24 
NOB 

Purpose: To number the objects found by SEG 
MENT or ROB and display the picture on the gray 
scale. 
NOB reads 122 words of parameters into NK, 

LT(60), ST(60), and FI. If FI is zero, NOB does not 
display the picture on the gray scale, and calls 
APHASE (MASKPH). 
NK is the number of chromosomes and LT and ST 

are the lines and samples where the numbers are to be 
placed. 
NOB reads one line at a time and adds any numbers 

required on that line. IfLT is in order, NOB runs a little 
faster since it doesn't have to search the entire table for 
each line. 

INT1 

Purpose: To correct errors in object isolation. 
INT1 is called immediately after each spread is 

scanned. The operator normally requests a quick count 
at this time. If the spread is only to be used for a count, 
the operator can correct for missing or extra objects and 
finish it. 

If the spread is to be karyotyped, cuts, joins, and 
threshold changes are needed to correct for errors in 
object isolation. After the objects have been isolated, 
INT1 is called again to check for any remaining errors. 
INT1 communicates with CALMS by calling 

APHASE. It writes parameters to BINARY to indicate 
a quick count, and to NOB to tell it to call MASK and 
not display the picture when finishing up a count. 

MOB 

Purpose: To orient and measure the chromosomes. 
MOB orients each input object, accumulates IOD, 

area and length and calculates centromeric index by 
length, IOD and area. The unrotated chromosome file 
(UCR) is MOB's input (which is ROB's output) and the 
rotated chromosome file (RCR) is MOB's output. The 
format of RCR is as follows: 

Rec. 1: Word (1) = # of input objects (integer) 
Word (2,3) = Spread IOD (real) 
Word (4,5) = Spread length (real) 
Word (6,7) - Spread area (real) 
Word (8) = Next available record in RCR (integer) 
Word (9) = # of chromosomes 
Words (16-465) - Chromosome directory 

Rec. 2: Words (16-465) - Chromosome directory 
Rec. 3: Reserved for CLASFY results 
Rec 4-7: Reserver for BANDS results 
Rec 8 & following records: 

Rotated chromosome images 

The chromosome directory (Rec 1 and Rec 2) has the 
following format: 

Integer CHDIR (15, 60) 
CHDIR (1,1) - CHDIR (15,30) on Rec 1 
CHDIR (1,31) - CHDIR (15,60) on Rec 2 

Each entry is as follows: 
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CHDIR (1,1) = 1st Rec. # of th rotated image, 
or zero if rejected 

CHDR (2,I) = # of lines in image 
CHDIR (3,1) = # of samples in image 5 
CHDIR (4,I) = Length of chromosome 
CHDIR (5,1) = ODA8 of chromosome 
CHDIR (6,I) = Centromeric Index by Length 
CHDIR (7) = Centromeric Index by Density 
CHDIR (8,1) = Centromeric Index by Area 
CHDIR (9,1) s: Centromere line 
CHDIR (10,I) = Perimeter of chronosome O 
CHDDR (li,I) = Area 
CHDR (12,I) s: P/Area 
CHDIR (13,I) ==Centromere Location Method 
CHDIR (14,I) = Available for expansion 
CHDIR (5,I) = Available for expansion 

5 

MOB will reject objects if they are too large or too 
small. The maximum allowable size before rotation is 88 
X 88. The maximum allowable size after rotation is 88 
X 48. The maximum area is 2000 points, and minimum 
area is 30 points. The minimum length and width are 5 
lines and 5 samples. When an object is rejected, its area, 
length, and width are typed. 

Originally, MOB had an option to use a skeleton 
method in locating centromeres. However, this methods 
took 25 sec. longer with little or no improvement in 
centromere accuracy. This option was removed in 
order to save core space and allow a larger maximum 
chromosome size. 

20 

CLASFY 30 

Purpose: To classify the rotated chromosomes into 10 
groups (conventional classifier). 
CLASFY reads in the chromosome directory pro 

duced by MOB and classifies each object. Once classifi- 35 
cation is complete, CLASFY writes the classification 
tables into RCR, record 3. The format is: 

Word (1) # of samples in karyogram 40 
Word (2) No object # flag 
Word (3-12) Group ID's 
Words (13-102) Slot O's 
Words (103-108) 
Words (109-199) 
Words (200-204) 
Words (205-294) 

Initial slot for each row 
Object found in each slot 
Center line table for each row 
Center sample for each slot 45 

This table is then used by KTYPE to build the output 
karyogram. 

Classification is based on an internal table that gives 
the minimum and maximum allowable centromeric in 
dexes for each length, for each of the ten groups of 
chromosomes. The table is called CT and is dimen 
sioned (20, 51). The twenty entries for each length are 
minimum and maximum CI for A-1, A-2, A-3, B, C-X, 
D, E-16, E-17 and E-18, F and G-Y. 

First, an initial classification is made. Then, moves are 
made from "heavy" groups to "light' groups. When 
there are several candidates for a move, the one with 
"maximum likelihood' is chosen. 60 

After all possible moves have been made, the chro 
mosomes within each group are ordered according to 
the slope table which describes the slope of a line that 
sweeps in from the right. Most groups are ordered by 
size. When the C-X group has 15 or 16 members, the 65 
third largest or third and fourth largest are placed in the 
X slots. When G -- Y has five members, the chromo 
some with the maximum fit factor is placed in the Y slot. 

50 

55 

26 
The classification table can be supplied to CLASFY 

with the OS parameter, followed by the object numbers 
for the slots. In this case, CLASFY sets up the karyo 
type format but does not do any classifications. 

KTYPE 

Purpose: Builds KARYOGRAM and displays it on 
the gray scale. 
KTYPE utilizes the chromosome directory, the clas 

sification tables and the rotated images on RCR to build 
the karyogram on KGM. 
IBUF is a 20480 byte buffer that holds one record for 

each object on the current line. Since the record length 
is 1024 bytes, twenty objects can be accommodated. 
KTYPE builds the karyogram one line at a time, 

inserting line segments from IBUF, object numbers, 
centromere marks and slot ID's at the appropriate time 
in the appropriate place. 

INT2 

Purpose: Provide operator interaction to fix karyo 
type errors. 
INT2 is called after the chromosomes have been 

measured, classified, and displayed as a karyotype. The 
operator can correct rotation errors, centromere errors, 
and classification errors. The corrections are normally 
done in the above order, since a rotation error usually 
causes a centromere error and a centromere error usu 
ally causes a classification error. 
INT2 uses WPARAM to write parameters to MOB 

and CLASFY and uses RPARAM to read them back to 
see what has previously occurred. If the operator cor 
rects rotation and centromere errors and does not move 
any chromosomes around, INT2 will allow CLASFY 
to reclassify on the basis of the new measurements. 
After the operator starts making moves, INT2 tells 
CLASFY what the karyotype should look like and does 
not allow an automatic reclassification. 

RESEL 

Purpose: Save information on measured chromo 
Sones, 

RESEL uses the MOB output to rearrange the mea 
surements in order of type and store them in KDATA 
(BDATA for banded spreads). It also writes the patient 
report line in PDATA. 

Format of KDATA: RECEN as 1024 

Line 1 Directory Record 1 for Source 1 spreads 
Bytes - 
1-2 NEXT 182 Line if of next Dir Rec for 

Sourcel, or O 
3-4 NUSED 182 # of spreads in this Dir 

Rec max is 85 
5-854 PID (850). BYTE 10 byte patient ID for 

each spread, or 0 
855-024 LINE (85) 1*2 Corresponding data line # 

for each spread 
Line 2 Directory Record 1 for Source 2 spreads 

Line 1s Directory Record 1 for Source 5 spreads 

When "NUSED' becomes 85, next available line if will 
be inserted into NEXT. Then the line in NEXT will be 
the next directory record for this source. 
Line 16-500 Data Records and Directory Records, if 
necessary 
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Bytes 
1-64 LABEL 1 (First 64 bytes) source, patient, 

sex, slide, X,Y 
6S-84 LABEL 2 (First 20 bytes) scan time 
85-104 LABEL 3 (First 20 bytes)scan ID 
105-124 LABEL 4 (First 20 bytes) diagnosis 
125-26 NC 182 # of chromosomes in the karyotype 
27-28 LSUM 12 Length sum (not normalized 

for 46) 
29-32 ISUM REAL4 IOD sum (not normalized for 46) 
33-136 ASUM REAL4 Area sum (not normalized for 46) 
37-144 UNUSED 
145-224 ON (80) BYTE Object #'s for types 1-24, 25-30, 

31-40, or 0 
225-304 ONL (80) BYTE # lines for each object 
305-384 ONS (80) BYTE # samples 
385-464 LEN (80) BYTE Length (adjusted for bend)-un 

normalized) 
46S-624 IOD (80) 2 IOD8 - unnormalized 
62S-784 AREA (80) 2 Area 
785-864 CIL (80) BYTE CIL 
86S-944 CID (80) BYTE CID 
945-1024 CIA (80) BYTE CIA 
Records 2-4 for Banded Data 
1-632 OCFOUR(51.8) REAL4 C for types 1-24,25,26 
1633-3060 OPHI (51,7) REAL'4 PHI for types 1-24, 25, 26 
Negative Source = Banded spread and uses DK4:BDATA(6,6) 

MASK 2 

Purpose: To combine two pictures and add a border. 
MASK2 combines the numbered spread and karyo 

type into a single picture formatted for the hardcopy. 
The output is written on disk, with an option to also 
write it on tape if switch 5 is up. 
The picture on disk is written in hardcopy format, 

with four bits for each element, and the picture on tape 
is written with eight bits for each element. Gray scales, 
reference masks and annotation are added to the pic 
tute. 
MASK2 is also used to combine the numbered spread 

and the raw spread for counts. It checks for the KG 
parameter followed by the disk unit and filename for the 
raw spread. 
MASK2 calls subroutines MSUB, WEDGE, REF, 

and WLINE to do the bulk of the work in creating the 
output picture. 

BAND 

Purpose: To find the waveform and calculate Fourier 
coefficients for banded chromosomes. 
The input to BAND is the rotated chromosome file, 

RCR. For each chromosome, BAND first decides if the 
chromosome is straight or bent. 

For bent chromosomes, BAND curve fits a parabola 
to the boundary points and recalculates the chromo 
some length. The waveform is determined by sampling 
along the parabola, and using three points perpendicular 
to the slope of the parabola. 

For straight chromosomes, the waveform is deter 
mined by sampling along each line, using a moving 
window of eight points. The maximum value found 
along the line is used. 
A and B Fourier coefficients are then computed from 

the waveform values for eight harmonics. From these, 
C (Amplitudes) and PHI (Phase Angle) are computed 
and saved in records 4-7 of the rotated chromosome 
file, RCR. Length and centromeric index are passed to 
FOUR as parameters. 
BAND recognizes the following parameters: 
WA: Store a representation of the waveform in place 
of the rotated chromosome images. 

AX: Mark the axis for each chromosome 
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QB: Quick BAND - process only the C group. 
FOUR 

Purpose: To classify banded chromosomes using 
Fourier coefficients, length and centromeric index. 
The inputs to FOUR are the classification table of 

means and variances, and the banded chromosome mea 
surements. FOUR computes the likelihood that each 
chromosome belongs to each of the chromosome types, 
using 14 measurements - length, centromeric index by 
area, C(2) to C(8), and PHI (2) to PHI (6). 

If a chromosome's length or centromeric index differs 
by more than 6 S.D. for a particular chromosome type, 
that type is ruled out for that chromosome. Similarly, if 
the C sum or PHI sum exceeds 7 S.D. or the total sum 
exceeds 8 S.D., that type is excluded for that chromo 
SOC, 
The chromosomes are then classified in order of like 

lihood, subject to group membership rules. This proce 
dure may leave some chromosomes unclassified, since 
certain types may have been excluded for certain chro 
OSO2S. 

Using the unclassified chromosomes, the most likely 
classification is found, say chromosome i belongs to 
group j. The chromosomes in group j are then examined 
to see if one of them can be moved to another group 
that is not yet full. If so, the most likely move is made. 
The classification results are written as parameters 

for CLASFY. 

PREP 

Purpose: To print the patient report 
PREP reads the patient report records that were 

written on disk by RESEL, and prints them on the line 
printer. If the parameter PL is used, the records for 
differnet patients are separated by a double space. Oth 
erwise, each patient's report is on a separate page. 

ABNORM 

Purpose: To print information on abnormal chromo 
somes ABNORM is called only when console switch 10 
is down. It reads the rotated chromosome file, RCR, 
and examines the profile of each chromosome to deter 
mine centromere information. It then prints a message 
for each chromosome, regarding its normality. 
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KFIX 

Purpose: Syntactical classification within B,D,F, and 
G groups. 
KFIX is the final phase of the hybrid classifier for 

banded chromosomes, and operates as follows: 
(1)Take the 4 chromosomes in the G group. Measure 

the position along the length of the chromosome of the 
brightest band. The 2 chromosomes with the bright 
band closest to the center correspond to the G-21 the 
other two are the G-22. 

(2) Take the 6 chromosomes in the D group. Measure 
the ratio of average IOD in the upper half of the chro 
mosome so that of the lower half of the chromosome. 
The two smallest values correspond to the D-13, the 
two largest values correspond to the D-15 and the re 
maining two are the B-14. 

(3) Separate the F-19 and F-20 chromosome by IOD. 
The two chromosomes with the smallest integrated 
optical density are the F-19's. 

(4) Take the B group. Measure the average IOD 
between the centromere position and a distance along 
the long arm equal to the short arm length or to the 
midpoint of the chromosome, whichever is shorter. The 
two chromosomes with the largest value correspond 
the B-4. 

MVO 

Purpose: To read and write contiguous files with 
automatic double buffering, blocking, and random or 
sequential access to lines of data. 
The calling sequences for the six entry points are as 

follows: 
CALL OPEN 
MODE,LNAME) 

CALL GET (MVB,LINE,INDEXLNORAD 
CALL PUT (MVB,LINE, INDEX) 

(MVB,BUFSIZODBFLAG 
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CALL CLOSE (MVB) 
CALL READ (MVB,LINE, INDEX,LOC) 
CALL WRITE (MVB,LINE, LOC) 

An OPEN call is required before any GET or PUT 
calls can be made to a dataset. The user must provide 
core space large enough to hold all the necessary con 
trol blocks and control information, as well as the data 
that is to be read or written. This allows MVIO to be 
re-entrant. In addition, no space is wasted on unused 
data sets, as would happen if MVIO contained storage 
for a fixed number of data sets. 
The control information can be considered as a 

"mini-VICAR-block" or MVB. Each MVB is 56 bytes 
long and contains a tran block, link block, filename 
block and the information required by MVIO. (See 
Flow Chart 9) 
The MVB is followed by one or two buffers to hold 

the data that is read or written. Each buffer is a multiple 
of the RK11 disk block size (512 bytes). An entire buffer 
is normally read from or written onto the disk with a 
single access. This greatly increases the effective trans 
ferrate. When two buffers are provided, MVIO allows 
the user to overlap computation with the disk input 
Moutput. 
GET and PUT are called to obtain the index relative 

to the start of the MVB for the desired record in the 
data set. Thus the data does not have to be moved from 
one buffer to another. On most "get" calls, the re 
quested line will already be in one of the buffers and 
MVIO simply returns the index without any physical 
I/O required. 
PUT is called to obtain the index of where to store 

the line that is to be written. MVIO initiates physical 
I/O when a buffer has been completely filled. A "close" 
call is required to write any data left in a buffer by 
earlier "put" calls. 
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CONTROL INFO, 
(56 BYTES) 

LNE 

(52 BYTES) 

+ 588 
NE 2 

(512 BYTES) 

+080 

+ 592 

+ 2.04 

+ 266 

+ 328 

FLOW CHART 9 

A logical record (or line) can be smaller than, larger 
than, or the same size as the physical block size (512 
bytes). As previously noted, each buffer is a multiple of 
512 bytes in length, but the buffer must also be large 30 
enough to hold a complete logical record. 
MVIO (See Flow Chart 9) is normally used in con 

junction with the label subroutines GLABEL and 
PLABEL, which are described in more detail else 
where. They set up some of the fields in the MVB when 55 
the picture data is preceded by a label. 
The fields in the calling sequences are defined as 

follows: 
MVB is the location of the MVB for the data set. The 60 

user must reserve enough core for his buffers immedi 
ately following the MVB. 
BUFSIZ is the size of each buffer (multiple of 512 

bytes). 
DBFLAG is the flag for double buffering, 0 = no 65 

double buffering (one buffer), 1 = double buffer (two 
buffers). 
MODE is defined as: 

32 

RECLEN = 52 
BLKSZ - 52 
BUFSZ as 2048 

2048 BYTE BUFFER 

2048 BYTE BUFFER 

MW10 - Blocking and Double Buffering Example 

0 = Diak Input 0, and 2 are functionally 
1 = diak Output equivalent 
2 s Disk t 
4 = Tape input 4, and 5 are functionally 
5 = Tape Output equivalent 

LNAME is a three character logical name for the 
data set that can be used to assign it to a file with the 
SAS command. (Subroutine AFILE can be used to 
make a default assignment). 
LINE is the desired line number, positive for data 

lines, negative for label records, and zero for the "next' 
line. 
INDEX is the offset in bytes from the start of the 

MVB to the requested line. In Fortran, when MWB is 
defined as a byte array, sample J of the requested line is 
at MVB (J.--INDEX). In Marco, MVB+INDEX is the 
location of the first sample of the requested line. 
INDEX is set to zero for an end-of-file read from 

tape. 
NORA is an optional parameter to prevent read 

ahead. 
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READ and WRITE can be used when RECLEN = 
BUFSIZ and single buffering is specified. A line is read 
into LOC, or written from LOC, without any overlap. 
Updating is normally done with a GET and a PUT 

for the record to be updated. (The same index value will 
be returned on the GET and PUT.) This insures that 
other records in the block and other blocks in the buffer 
will not be changed. 
The "get" can be omitted only if all records are "put' 

sequentially, starting with the first record of a block. 
The MVB format is shown below. Word numbers are 

in decimal, starting at 1 and byte numbers are in ocatl, 
starting at 0, TB = tran block, LB = link block, and FB 
= filename block. 

5 

O 

34 
GLABEL can also be used with an unlabeled data 

set. It will return NL as the # blocks in the data set 
BPL is S12 
BPE = 8 
NLR = 0 
These routines are re-entrant, except when GLA 

BEL is used with an unlabeled data set. 

EXIT 

Purpose: To replace the FORTRAN exit and error 
subroutines and save 1260 bytes of core. 
EXIT can be used to save core after a FORTRAN 

program has been checked out, ERRA gives a single 
WORD BYTE CONTENTS 

O TB Active Block # 
2 2 --2 Active Buffer Address 
3 4. - 4 Word Count 
A. 6 --6 Function/Status 
s 10 --8 Words Not Transferred 
6 12 IBN Inactive Block if 
7 4. IBA Inactive Buffer Address 
8 s -2 Error Return 
9 20 LB Link Pointer 
O 22 --2 Logical Name 
11 24 - 4 Unit Words To Follow 
12 26 -- 6 Device Name 
13 30 CRC Current Record if 
14 32 -2 indicator Unused 
15 34 FB File Name (Word 1) 
16 36 --2 File Name (Word 2) 
17 40 -- 4 Extension 
18 42 -- 6 UC 
19 44 WNT Words Not Transferred 
2O 46 SBN Start Block i 
2 SO NBF if Blocks. In the File 
22 52 NLR if Label Records 
23 S4 RECLEN Record Length (Multiple or Divisor of BLKSIZ) 
24 56 BLKSIZ Block Size 
25 SO BUFS2. Buffer Size (Multiple of BLKSIZ and RECLEN) 
26 62 BPB Blocks Per Buffer 
27 64 DBFAMD Model Double Buffering Flag 
28 66 WFLAG Write Flag (Last Block # To Be Written + 1) 

LABEL 

Callable Entry Point Names: GLABEL, PLABEL 
Purpose: To obtain and store label information on 

disk data sets. 
These subroutines are used in conjunction with 

MVIO, when processing labeled data sets. They obtain 
or store the label parameters, and also set up the 
BLKSIZ, RECLEN, NLR, and BPB fields in the 
MVB. GLABEL and PLABEL must be called after the 
OPEN call for the MVB. 
CALL GLABEL (MVB, SPAR, INDEX) to get a 

label 
CALL PLABEL (MVB,SPAR,LABEL) to put a 

label 
MVB is the mini-VICAR block for the data set, 
SPAR is a five word table of system parameters 
SPAR (1) = NL, # Lines of picture data 
SPAR (2) = BPL, Bytes per line 
SPAR (3) = BPE, Bits per element 
SPAR (4) = NLR, # of label records 
SPAR (5) = BLKSIZ, Block size 
GLABEL transfers the label information into SPAR. 
PLABEL transfers the data in SPAR to the label. 
Index is the offset from MVB to the first byte of the 

label, as returned by "get.' 
Label is the location of the label to be output. 
Example: 

INTEGER SPAR (5) 
BYTE A (4200), B (4.200) 
CALL OPEN (A,2048,i,0"MV") 
CALL OPEN (B,2048, , , MV2) 
CALL GLABEL (ASPARIA) 
CALL PLABEL (B, SPAR,A(IA + 1)) 

Open. A for input 
Open B for output 
Get label from A 
Put label to B 
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error message (A367), instead of the individual mes 
sages normally given by the FORTRAN error routine 
ERRA, 
When EXIT is called, it will either return to DOS via 

a .EXIT or return to CALMS via an RTS R5. It makes 
this decision by checking the value of R5 when EXIT 
was called. When DOS loads a program, it clears R5, 
but when CALMS loads a program, R5 is equal to a 
location within CALMS. 
Therefore, CALL EXIT will work for programs 

running under DOS or under CALMS. 
In order to select EXIT.OBJ over the FORTRAN 

exit subroutine, specify EXIT before FTNLIB in the 
link command string. The MSU switch should be used in 
the FORTRAN command string to save additional core 
and time. 

All FORTRAN modules of CALMS should be com 
piled with ASU or they may not fit in core. 

SAVER 

Purpose: To save and restore registers 0-4 on the 
stack, for subroutines called with an R5 calling se 
quence. 
SAVER and RESTR provide a convenient way for 

MACRO subroutines to save and restore registers 0-4 
on the stack. 
To save registers 0-4: 
JSR R4, SAVER 
To restore registers 0-4 and return via R5: 
JMPRESTR 
(SAVER is called via R4, and R5 is not saved.) 
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AFILE 

Purpose: To assign a file to a dataset. 
CALL AFILE (MVB, DUNIT, FILPEX, GRP, 

USR) 
MVB is the mini-VICAR block for the dataset. 
DUNIT is the disk unit (1 for DK1:, 2 for DK2:, etc.) 
FILPEX is the 6 character filename plus 3 character 

extension. 
GRP is the group number from the UIC 
USR is the user number from the UIC. 
Example: 
CALL ALFILE (A1, PIC , 5,5) 
Assigns DK1:PIC5,5) to MVBA 

PARAM 

Callable Entry Point Names: PARAM, PARBUF 
Purpose: To read free-field parameters from the key 

board and convert them. 
PARAM types an ", then reads up to 80 characters 

from the keyboard, terminated by a carriage return. 
Parameters are separated by blanks or commas, and can 
be one of the following: 

1. One word integer - negative integers are pre 
ceded by a minus sign. 

2. Two word alphameric - first character must be 
alphabetic. The character string is padded with trailing 
blanks if less than 4 characters. It is truncated if more 
than 4 characters. 

3. Variable length alphameric - the string is en 
closed in apostrophes. If an odd number of characters, 
the last word is padded with a trailing blank. If an apos 
trophe is desired, type two consecutive apostrophes. 
The raw character string is saved at "PARBUF 

which is accessible to MACRO programs, but not 
FORTRAN. However, the user can optionally supply 
his own PARBUF. 
The calling sequence is: 
CALL PARAM (N.P PAR, MAXNP LPARBUF) 
NP is the number of parameter words that were 

stored in PAR 
MAXNP is the maximum allowable number of pa 

rameter words (the size of PAR) 
PARBUF is optional 83 byte user buffer for the raw 

character string. 
Example: 
INTEGER PAR (20) 
CALL PARAM (NP, PAR, 20) 
If the user types: 
NH, PRINT, 42, -1, 'ABCDEF 
The result is: 
PAR (1) = NH 
PAR (2) = AA 
PAR (3) = PR 
PAR (4) = IN 
PAR (5) = 42 
PAR (6) = -1 
PAR (7) = AB 
PAR (8) = C" 
PAR (9) = DE 
PAR (10) = FA 
NP = 10 
PARAM is reentrant if the user supplies PARBUF. 
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However, an earlier keyboard input request must be 65 
satisfied before a latera one can be done. 
PARAM maintains a byte with the global name 

PBUSY. It is set to one when PARAM is entered, and 
cleared when PARAM exits. 

36 
Any program which is entered by an interrupt (such 

as SEARCH or HCOPY) must check that PBUSY = 0 
before calling PARAM. If PBUSY is not zero, the 
program must signal PARAM that it is waiting to call it, 
but could not because PARAM was busy. It does this 
by storing the location for PARAM to transfer control 
to in 'PINT" or PINT--2, and then executing an RT1. 
PARAM will then call the waiting routine with a 

simulated interrupt, when it has finished with the earlier 
request. 
(The PBUSY, PINT method is required under DOS; 

otherwise the KB driver gets confused), 
QPRINT 

Purpose: To print a message, with automatic buffer 
1ng 
QPRINT waits for completion of a previous print, 

moves the message to its own buffer, initiates a print 
with a TRAN request, and returns to the user. 
CALL QPRINT (LOC,NBYTES) 
LOC is the first byte to be printed (carriage control). 

NBYTES is the number of bytes to be printed. (maxi 
mum - 132). 
NBYTES can be omitted if the message is terminated 

with a "zero" byte. 
FORTRAN automatically inserts a zero byte for 

literal strings and ASCIZ, in MACRO, also does this. 
Example: 
CALL QPRINT ('single space') 
CALL QPRINT (0 double space') 

TYPE 

Purpose: To type a message with automatic buffering 
TYPE is similar to QPRINT, except that output is on 

the keyboard and the maximum message length is 80 
bytes. 
CALLTYPE (LOC,NBYTES) 
If NBYTES is omitted or zero, a null (O) terminates 

the message. TYPE inserts a <CR> at the end of the 
message unless NBYTES = 0, 

IV 

Purpose: To convert and move logical 1 (byte) data 
and word data 
IV is a function and the other entry points are subrou 

tines. These routines consider bytes to be positive num 
bers from 0–255. (FORTRAN treats bytes as signed 
numbers from -128 to -- 127.) 
IV (byte) = Integer value (0-255) of a byte variable 
CALL ITL (INT, L1) (INTEGER TOLOGICAL) 
Move the low order byte of INT to L1. 
CALL MVL(L1, L2, N) (Move LOGICAL) 
Move N bytes starting at L1 to L2 
CALL MVW (1, I2, N) (Move WORD) 
Move N WORDS starting at I1 to I2 
CALL ZIA (IBUF,N) (Zero INTEGER array) 
Zero N WORDS starting at IBUF 
CALL ITLA (INT,L1,N) (INTEGER to LOGI 
CAL array) 

Store INT in N bytes starting at L1 
CALL SWAP (I1, I2) 
Interchange I1 and I2. 
Note: RO is not saved by these routines 

TEXT 

Purpose: To generate readable characters for labeling 
of pictorial output. 
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Each character is generated from a six sample by 
seven line array of BIT, where a one BIT represents 
black and a zero bit represents white. The left most of 
the six samples is always zero. 
CALL TEXT(INBUF, INCHR, LINE, OUTBUF, 

SIZE) 
INBUF is the location of the input ASCII characters 
INCHR is the # of input characters 
LINE is the line number (0-6) of the bit array 
OUTBUF is the location for the output bytes 
SIZE is the number of bytes to store for each bit (1,2, 

. . . ) 
OUTBUF must be at least INCHRSIZE6 bytes 

long 
HCPAK 

Purpose: To pack and unpack data in hardcopy for 
mat (4 bits) and convert from 7 to 8 bit format. 
CALL HCPAK (BUF8, BUF4, NE) 
CALL HCUPK (BUF4, BUF8, NE) 
CALL MVW78 (BUF7, BUF8, NW) 

BUF8 is the LOC of 8-Bit Data 
BUF4 is the LOC of 4-Bit Data 
BUF7 is the LOC of 7-Bit Data w 
NE is the number of elements to pack or unpack. NW 

is the number of works to convert from 7-Bit format to 
8-Bit format. 

RPARAM 

Purpose: To pass parameters to a CALMS phase and 
to assign the next phase to be loaded. 
CALL WPARAM (NP, PAR, PNUM) 
NP is the number of words of parameters to write 
PAR is the location of the parameters 
PNUM is the number of the phase which is to receive 

the parameters 
CALL RPARAM (NP, PAR, NPMAX LPNUM) 
To read parameters through the CALMS supervisor. 

See the PARAM writeup for details. PNUM is an op 
tional phase number used to read another phase's param 
eters. 

CALL APHASE (N) 
Normally, phases are loaded in sequence, but 

APHASE is used to change the sequence. 
N is the number of the phase. 

DLINE 

Purpose: Subroutines used to access the gray scale 
and cursor, when running under the CALMS supervi 
SO. 

CALL DECLEAR to erase the entire gray scale. 
CALL DLINE (LOC,Y,X,NS,REPL.ERASE) to 

write a line of data. 
LOC is location of data in core. 
Y is line on gray scale (0-1023) 
X is starting sample on gray scale (0-1023) 
NS is number of samples 
REPL is non-zero to replicate samples and lines. (If 

switch 3 is up, only samples are replicated) 
ERASE is 
positive to erase this line before writing 
negative to erase only 
Zero to write only. 
CALL DWAIT to wait for gray scale ready 
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CALL CURSOR (Y,X,LINE, SAMP) to read the 65 
CSO. 

Y is the line on the gray scale (0-1023) 
X is the sample on the gray scale (0-1023) 

38 
LINE is the picture line (1-512) 
SAMP is the picture sample (1-512) 
CALL SC sets up the cursor adjustments and saves 

them on disk as parameters for INT1. 
CALL RCA reads in the cursor adjustments from 

disk. 
CALL MCU moves the cursor up one line 
CALL MCD moves the cursor down one line 
CALL MCL moves the cursor left one sample 
CALL MCR moves the cursor right one sample 
CALL UDLR (PAR) moves the cursor one step 

according to whether PAR is a U.D.,L, or R. 
The cursor adjusment process is required to correct 

for cursor drift. Two marks are written on the gray 
scale, one at 32, 32 and one at 992, 992. The operator is 
requested to move the cursor to these reference posi 
tions and the readings are saved. Thereafter, CURSOR 
performs a linear interpolation on all cursor readings, 
using the saved values. 
There is also a standalone version of DLINE in 

FTNLIB. It differs from the CALMS version in the 
way the cursor adjustments are saved and read back. 

MCISUB 

Purpose: Subroutines to control the MCI and sort the 
spread queue. 

This module consists of miscellaneous subroutines 
used by SEARCH and CALMS. It also globally defines 
the MCI register addresses and interrupt vector loca 
tions. 

CALL IXYABS (Y,Y) Initiates a motor move to X,Y 
CALL IXREL (XDEL). Initiates a relative X move 
CALL IYREL (YDEL). Initiates a relative Y move 
CALL IFREL (FDEL) Initiates a relative F move 
CALL CFOC (F) Stores the sum of the two focus 

parameters 
CALL LED (CODE,VAL) Puts VAL in the LED 
whose code is given 

CALL MFST (MAGN, FPOS) Stores the magnifica 
tion and filter position in MAGN and EPOS, and 
displays the magnification in the magnification 
LED. It also stores FSTEP, FLAST, XADJ, and 
YADJ for the lens in use. 

CALL SORTO Sorts the spread queue according to 
its rating. 

ROACH 

FUNCTION: ROACH (WI,BI, WORD,EWI,- 
MASK) 

ROACH will scan a binary line to locate the first set 
bit. The scan will begin at WORD (WI) and end at 
WORD (EWI). If no set bit is found, the return code is 
zero. If a set bit is found, WI is returned as the index of 
the word containing the bit. BI is the bit index within 
the word (numbered 0,1,2,..., 15). The corresponding 
bit position within the MASK is also set. 

TURTLE 

TURTLE is invoked by SEGMENT to walk coun 
terclockwise around the perimeter of objects in the 
binary picture. 
CALL TURTLE 
MASK,NW2) 

COMMON is composed of the following six words: 
N = the number of segment end points found 

(COMMON, EDGE, WOD,- 
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PERIM = the number of perimeter points found 
YMIN,XMIN, YMAX,XMAX, = the extreme coor 

dinates of the object 
EDGE is an integer array into which is placed the 

coordinates of the detected end points. On input, 
WORD points to the word containing the first detected 
bit of the object and MASK designates the bit positions 
within that word, NW2 is the number of bytes per line. 
The TURTLE uses a four point connectivity algo 

rithm in walking around the perimeter. At each step, the 
TURTLE will examine its four adjacent neighbors, 
numbered 0,1,2, and 3 (See Flow Chart 10) to determine 
its new direction. The order in which neighboring sam 
ples are examined is predetermined to ensure that the 

2 

FLOW CHART LO 

10 

15 

(l) 

M 

40 
TURTLE will always proceed in a counterclockwise 
direction (See Flow Chart 11). 

Since not all perimeter points are segment end points, 
the TURTLE uses a decision table to identify the end 
points. End point determination is based on the TUR 
TLE's previous and current directions, and his convic 
tion that since he is traversing the perimeterin a coun 
terclockwise direction, the chromosome will always 
remain on his left. Line segments which contain only 
one sample are recorded twice so that all segments have 
starting and ending end point coordinates. The TUR 
TLE's decision table is given in Flow Chart 10. The 
number of times perimeter points are recorded as end 
point coordinates appears in parentheses. 

CURRENT DIRECTION 
2 3 

/ 

2. % 
/ 

(l) (l) (O) 

3. W. 
(O) (l) () (2) 

7, 

W2 2 W, W. 
/ 

(1) (O) (O) (1) 

%. 2 W. W 
(l) (2) (O) () 

SEGMENT END PONT DECISION TABLE 

Segment and Point Decision Table 
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COK N. 
.. ---- FCC)N 0 

8 SE. 

BT SE 

BT SET CCK iN 
DIRECTION 2 

LOOK N Bir SET 
DRECON 3 

LOOK iN Bir SET 
DRECTION O 

LOOK iN BT SET 
RECTION 

LOOK iN 8T SE 
DRECON 2 

BACK A 
STARING 

Pr? 

NCs YES PROGRAM 
CRASH 

CHART FLOW 

SORTIN 

SORTIN is invoked by SEGMENT to sort the end 
point coordinates for a chromosome in the order that 
they would be encountered while scanning the chromo 
some line-by-line from left to right. Thus, the short is in 
assending order, first by line coordinate, and second by 
sample coordinate. 
CALL SORTINOEDGE,N.IND) 
N is the number of end points. 
Upon return, IND=0 if the sort was successful, a 0 

if not. 
EDGE is a buffer area 4N words long. The first 2N 

words contain the end point coordinates for the chro 
mosome. The remaining 2N words is used as a work 
area for the bucket sort routine. 

RETURN 

ll Four Point Connectivity Algorithm 

42 
7 A 

SORTIN uses a byte array to keep track of the order 
ing of the end points. Because of this, a maximum of 255 

5 end points may be sorted. 

60 

65 

ERASE 

ERASE is invoked by SEGMENT to remove a chro 
mosome from the binary spread image. 
CALL ERASE(WORD,EDGEAREAN2,NW) 
WORD points to the buffer area containing the bi 

nary image. 
EDGE points to the end point coordinates for the 

chromosome. 
N2 is the number of coordinates in EDGE (two per 

coordinate pair). 
NW is the number of words per line in the binary 

image. 
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AREA is returned as the number of sample points 
contained in the chromosome. 

ORIOB 

Purpose: Orient objects. 
CALL ORIOB(IBUF,OBUF.EF,CHDIRNLO 
PROTRCODE) 

ORIOB finds the minimum enclosing rectangle for 
the object in IBUF using the endpoint table EP and 32 
rotations from 0 to 90°. It then rotates the object into 
OBUF and sets the rotated NL and NS in CHDIR. 
OPROT specifies any additional rotation desired by the 
operator. 

EPROT 

Purpose: Rotates chromosome endpoints. 
CALL EPROTCSIN,COS,NLEP,XMIN,XMAX 
YMIN,YMAX) 

EPROT rotates the endpoints (EP) by the angle spec 
ified by SIN and COS. It returns the limits of the enclos 
ing rectangle (XMIN,XMAX, YMIN,YMZX). 

OBROT 

Purpose: To rotate objects. 
CALL OBROTCXMIN,XMAX,YMIN,YMAX,- 
COS, SIN, IBUFOBUF) 

OBROT rotates the object in IBUF into OBUF. COS 
and SIN specify the rotation angle and XMIN,X- 
MAX,YMIN.YMAX give the enclosing rectangle 
of the object in unrotated coordinates. 

C: 

TE CAL SE - CAS 
... N. IST BEX 
C. 

. GOB. R.S., CWT . . . . . 
CALL, . Ex T. PA use. If T , . TRAN, . Al T. R.S.E 

44 
Four point linear interpolation is used to set the inten 

sity values of the rotated object. 
ACCSUB 

Purpose: Accumulate area and density by sample for 
rotated object. 
CALL ACCSUB(BUF,NLMS, AREAADENA 
TAREA,TDEN) 

The chromosome is located in BUF and is NL by NS. 
AREAA is the area accumulator by sample and DENA 
is the density by sample. TAREA and TDEN are the 
area and density totals for the object. 

CHROUT 

Purpose: To stand objects up and move them into the 
output buffer, 
CALL CHROUTOIBUF,OBUF,NS,NLLP 
B.IPFLG, BUFSZ) 

CHROUT rotates the object in IBUF (NSX NL) by 
20 +90° in to OBUF for output. LPB gives # of lines that 

will fit into OBUF, FLG tell which way to rotate ob 
ject and BUFSZ is NS for IBUF. 

KURSOR 

Purpose: To locate information about the karyogram 
for the current cursor position. 
CALL KURSO ROY,X,LS,SLID,SLCLSLCS,N) 
Y,X,LS are the cursor coordinates returned by cur 

sor. SLID is the slot ID indicated; SLCL and SLCS are 
30 the slot center coordinates; and N is the object ID of the 

object residing in the slot. 

O 

15 

25 

ROU PRO SR 

SPEs So R 

K E E S RES DENT 
; SUPER IS OR FoR THE CIH. cf. Aurors ATED light MicroscoPE SYSTEM 
F OR CHSO S E A YSS, 

; S J Pg R's' SO & R O S S L I 
T. F. K. 8R). PES OR COUI 

SEARCH ANDHRD-copy ARE PERAFETY RESIDER BELou Location seeae. 
SCR D S S COSSS OF 

as FOR AT 
C E B HE SPERY ISOR 

SEARCH, AA LSS, AB AR - P. 
S... 

SC 

1 5 PHASES A RESIDE ON DISK CORE 
DNS PASE A E S A. E. a O CAO S 

Fir 2 E FEE 
PS1 = 1777 8 - - - - - - 

NP = 24. OF PHR SES 
B PH2 B RRY PHASE BER a -a ------ a-m- - - - 

NBP as NOB PHASE NBER 
NTPs T. PR SERUBER . . . . . . . - 

P Ha 8. OB PHASE NUER 
ASKPH 3. it ASK PHASE NUMBER 

NSD Sa 3 OF SCAN TA SES 
-- ----, NHSs2 w-r- - -m-m-m- OF HARCOPY, R A SETS m - 

Ss S SCRN DISK 
HDJ 3 HARE COPY DISK UNIT 

BS 255 
LABS 2s1 2. - - - - - - - - - - - - 

B = 2 WB DEFINIT GNS 
Y W m- Y- 8As 14 ----- a wa- - - - - - - - - --- - - - - - - - - - - - - - - - - - 

CR REC is 3. 
SBN 4's - - - -- 

RECENs S. 
BFS I2 a 69 
BPs Si 
DBF AGs 84 
SR 758 



4,122,518 
45 46 

it cuRRENT OR G H IS 388 ee - - - - . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SOURCE . . . OR 8. 
RSCAN : . (RD 9 ; : TO BE SCAHMED 
Phu:4: . . yoRD -. CURRENT PHASE BER 
PANut: ASC 1234552 M. PAET BEN F. CATIOt. . . . . . . . . . . . . . . . . . 
sh9... Asci i v i 23s. See EN IF CA ON 
PASEX. . . ASC F / ; PAT I ET SEK. . . . . . 
SP R. -. CRREN SPREAD NBBER 
CSPG : . ORD SPG + -. CURRENT LOC N SPQ 
SPR, . B 8 33. SPREA) RANGS 
SPQ: ; BLK 689. . . iSPREADEE XY). . . . . . . . . . . . . . . . - 
PA . ORD 2. E GT OF PANU. N. BYTES 
SLNU. . . . UC RD 8. ENGTH OF SNU . . . . . . . . . . . . . 
NPASE . . . ORD ar NEXT PHASE TO BE CALED 

. PR GE - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C APS; . . CAL YPE & SC2, ZEROX ; ASK. ABOUT REST R RT 
-----------...-----.S. R... ---------- --------- ---- - - - - - - - - - - - - - - - - - - 

CR NE 
CE). . CA - E), k INE, 2 ERO) , t A Z E E S 

C IE 
SOB R , CEO - - - - - 

. CR OPE H & WR PS2E 2e RO 2S2O, MAX OPE OVERLAY DA AST 
O PS2E. Besca M 
CL ). PEN, { PR, PARS 2, 2E RO, O, P N Afy ; PA R ER GS 
O' PARS 2, PW 9 -RECEN 
Oy 4, B P TAB - I P + NTP H-2 SET TO READ 4 CRS OR A JMT 9 
OW 52. PA 9 ALL O RESTART 
OW 52. PAB - 

- OY HHDS, Re . . . is ET UP. T. HE START e LOCK NUMBERS FOR 
OW HSBN R. A HARDC GP DATA SETS 

CS OWB R8, FLPEX+ 1 - 
BS3 S, FIPEX + CONVERT to ASC 
C. L. A E, & A. L. H. J. F. PEX, TO, TOX 

. CA. OPER, CA, TELVE, 2 ERO, 2 ERO, NAPEX 
- - - - . . . . . . . . . . At SBH. Rit. SRW E THE START BLCKBER - . . . . . . . . . . . ----- 

SOB Ra, Ces 
. CR L L SEARCH NT I. A. CALL TO SEARCH - 
SR PC, PPAR PROCESS RESTART AND PHASE PAR RETERS 

TST NSCAN - - - - - - - - - - - - - - - - - - - - - - - - - 

BE S1 BR F A SCAN RESTAR 
ses: SR PC, TiscAH F NSCAN 0 , ALL SEARCH START - - - - - - 

Sle, TSTB SFLAG IDE LOOP" st ARTS HERE 
B NE S. B R F SEARCH RUN NG 

- - - - - TST. HscAh - - - - - - - - - - - - - - - - - - - - 

BE S4 BR F NONE TO SCAN 
S13, how NSBS R8 LOOK FOR SCAN BS -- - - - ------- 
SS SDS, Ri - 

how HF sps, R2 it full scAN DATASETs 
BEG S22 BR F 2 ERO 

$2e CMPB Re (R1) . 1 CHECK Re AGAINST ALL FULL DATASETS 
BEQ S25 B R F BATASETS SE 

- - SOB R2, S23 B R F ORE TO CHECK - - - - 
S22. NOW B R2 R. K TO SE THS BATASET, STORE T 

- - BR S39 GO CAL SCA - - - - - - - - - - - - - - - - - - 

S25 SOB R. SS BR F ORE TO TEST 
- BR S 49 NONE AWA 1 ABLE 

S3. 9 S 63, R CONVERT TO ASCI 
- - - - O'B R8, FLPE: STORE IN FENAE -- -------- - - --- 

O'B 'S, FIPEX AS SN 
Most 4S) U, DUMIT i STORE SCAN RISK Ult IT 
BEC NSCAN NSC. As NSCAN 

S 31, . Cl PHASE KHE X SCAN : . . . . . . . . . . . 
. CR L LED (SQLED, NSCAN) 

---...--...-IST. PHASE - -- 
BE SS BR F SCAN A S A BORTED 

- . . CR NPTABtMGBPHNOBPH-2 CLEAR HO B PARAE TERS FOR IN 1 
SS CR NPTAB+B I P+B PH-2 CLEAR 8 NARY PARAEERS 

. C& Ll PHASE IT PH CA 1 FOR THE PREF is ADL 
CP NPHASE, TEST FOR RESCAN OR ABOR 

-...- ... ... - 855 ... ...-S3. . . . . . . . . . BRI. F. RESEAN - - - - - - - - - ----- - - - - - - - - - - - - - - ---- - , , - n --- - - - - - - 

9. SS 8R I F SPREAD AS AS RTE IN INT 
CMP H PHASE, 40 BPH - - - . . . . . . . . . . . . . . . . 

B NE S3 8R IF OT A CON 
. CALL PHASE PASE CA - NDB 
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C PHSE, ASKPH 
... ..........B.E... . . $3.5.----...- ...B. f. OTASK-...--...- ... --...----...---------. 

S32 SR PC TSCAR F NSCAN AO SEARCH SAR 
P. C 15 . . . . . . . . . . GO CALL ASK2 ... . . . . . . . . . . . . . - 

S 33 CP PASE, ASKPH 
BEC S32 BR F RSK - - - - - - - - - - - - -v- w v. M 

TST PT-3 - 8 P. B. NP a 2 
BE S38 . . . B R F HOT ICK (PT IOR v 
. CR PASE, PHASE C. NARY 

- BR S 315 . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - a -- a s a 

S38 FSDS CREERT ANYS IS UEE 
. C. L. LED, K R GLE), HFSDS) UPDATE ANAS IS EYE -- 

SS 
S. 4 se PFA ; SEE IF PATEN r REPORT G AS REGE STED 

E. E. S$ 3. BR F . 
CFB Pf, 
. . . . PHASE PPHASE ; : A PATIE REPORTER 

S 4 a. STS E F SE IF Ex EDI R AS REQUESTED 
EE S 5 ; ER F O 
CE E FLAG v - M. Y. - - - - - - - - - - -------- - - - - - - --X- - - - - - - - - - - - - - - - 

. CR . PHASE, EPHASE CS HE E OR 
S 5. STE F RFG SEE F FORR AS REGE STED 

BEG S46 B. R F O 
CR Figs A 
. CR L PHASE FF (SE C. FORTR 

S$ 5: TSB RFA G SEE FRS START GAS REQUESE . . . . . . . . 
BE S47 BR F O 
CRB RFA - - - - - - - - - - - - - - - - - - - - - . . . . . . . -- - - - - 

SR PC, RSTRT 
BR JPS a GO BACK FOR RESTART ... . . . . . . . . . . . . . . . . . . 

S47 OW SS R SEE F RED FOR ANASS 
... ...-- EOY . . . . . RESSR2 - - - . . . . . . - 

BE PS 13 R F D F SCAR BASES 
O'Ye S, F PEX - 
O S. 

Moye eR1 , F PEX + 1 r - - - - - - - - - - - 

WB R. R. SAE DA SET Re 
8 ISB it 68, FLPEXt COWER TO RSC n ------- 
EC FSDS 
EC R2 - - - - - - - - - - - - - - - - - - - - - - - - - - 

BE SS B R F O D A A SET ERS TO OVE 
S53, POB (Ri), 981 FYE BAT ?e SE HERST TOP OF ST. 

INC R 
-- ... -- SOB - R2S52 - - - - -re-m-m-m-m-m-------- mamma 

SS o FPHASE PHASE STAR ANY S S T H PHASE 2 or EBUG PASE 
Oy DNPT AB, R. M s v v- - - - - - - - - - - - - , , - . , , - - - - - - - V - - - 

O NPR 
Oy PH, R2 - - - - v- - - - - - - v -m -m v - a 

SSS KR) - (R) PWE NPT As T NPTAB 
SOS R2, S5 -- -- m -- - - 

, AKAS IS LOP STARTS HERE 
sps, . C. PHASE { HPASE) CAL AN A R Y S S PHASE -- - - - - - - - - - - - -m. 

S. RFA ES RES ART FA 
SEG S83 B R F O T SE . . . . . . . . . . . . . . . . . . . . . . . . . 
CRB R 

... . . . . . . SR FC RSR. . . . ----- - - 
S8. TS PSE TES FOR ASORT (DS ANAL SS RESTART) 

BE S85 B R F 40 T AN ABORT (NPHASE ae) 
. C. L. L. E & E FSS - 

J P S P S 3 
SS CP PSE, SPS 

BRE SS. - - BS FOT THE ASK. PHASE - . . -- - - - 
ED OF SS OP 

- - - - look. FOR HARE COP ATA SET 
C is o S R COPY A SES 

HBS, R1 
O SS R2 

C2:... SB Rit. . . . . . . . . . . . . . . . . . . . . a n---- a--------, -um-- v-u- ------ 
BE C3 BR F DATASET IS EP 
TST (R2) + ; STEP HSBN - - - - - - - - - - - - - - - - 

SOs R C2 BR F ORE TO TES 
BR C 15 34E AWA LABLE KEEP LOOKING 

C3, BS S R ; COWERT SC 
49B F2, FIPEX . . . . . STORE I FILE RAE 
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OWB H F PEX AS RN 
OW OU, DUNIT HARD COPY DISK UNIT . . . . . . . . . . . . . . 
NCB m (R) SET DATASE BUSY 

MoW Ri, CBS is AWE. Loc of cuRRET. As K. DATASET . . . . . . . - - - - - - - - 
OW R2, CSBN SAWE SBK. LOCAT OH 
ALL PHASE, KH PHASE X MASK2 - - -- - 
O'B - CS SET & T SET FULL OF DATA 
NC NHCOP'? 

. CAL E KHE COPY) 

. C. L. E. & A. L. ED, FSDS 
TST3 HCFC 
BNE J S 9 BRF HCOPY. ISOPERATING... . . . . . . - - - - - - - - - - - - - - - - 
NCB HCFG SET HCOPY OPERAT ING 
BS IES TURN ON H COPY TE 
O' CS, S 

9 CSB, A+ S3 SET UP START BOCK N 9 ER 
'' 3PS - KSP ; SAS PS O S I AS Rip 

. . . .- . . . JSR-...--.P.C. HCOff----...-CALLHCOY ---------------------------- 
S3 , JP Sie 

. PAGE - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

POC 623 PHASE START CATON 
PHASE . How 92c R5). R1 - - - - - , , - - - - - - - - - - - - - - - - 

O R., PNU STORE PHASE NUBER 
o-------- C. R -. -- ---- -------mur - 

OW R. NPASE NPHASE e PNU+ 
CALL ZIA. c. 157999, 377 ZERO 518 BYTES OF UPPER CORE 
CAL READ, KY B, PU, X, POC X REA PHASE PNUM RTO PLOC 

ASL R. . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AD) PLE-4, R 
---. 9R, 9 LITES TURN ON THE LITE FOR THIS PHASE ---------- 

. CR PLBC, c OU, FPEX X CALL THE PHASE, GW NG T R DATA SET RE 
B 1 c 14 17s, 0 LE TES, TURN OFF ANALYSISL. TES 
RTS R5 

PPAR. CR LLPARAM, KN P. PAR, AXNP) JSR PC, PPAR 
- - - - -- BEC P . - --- - 

B PPEXT 8R F NP UAS 
-- CMPB PAR, 'N - - - - - - - - - - - - - - - - - -m - - - - - - - - - - r v - - - - - - - - - - - - v- w 

BE PPEXT 3 F NO RES ART 
cMPs PAR, Y - 
BE RSRT 8R F A RESTART 

------. dif PP48 PHASE NUBER AND PARAMETERS - - - - - - - - - - 
PPEX, RTS P 
RST R T STB SFLAG JSR PC, RST RT - - - - - - 

BRE PP5 BR F SEARCHIN 
- CALL TYPE {14, ZEROX ASK. ABOUT SCAN RES ART - 
CAt PAS AM, KNP, PAR, MAPX 

. . . . . CPB PARBUf Y . . . . . . . -------- - --------- - - - - 
BE PPS BR F HO SCAN RESTART 

- - - - - - - - . CALL RPARA , K NP. SOURCE, L5 2, ONE READ RESTART (fo 
. CR L T PE, & 7, ZEROX ASK FOR FIRST SPREAD 2ER 
. CALL PARAM, kNP, PAR, AXNP) 
OW PAR, R 3 

-------------------------------------------------------- 
BE PP22 8R F USER E 
CP R2, HSCAR - . . . . . . - - - - - - - - 

B PP2 BR F GT NSCAN 
EC R3 LEGAL NUMBER, DECRE: ERT IT 
OW R8, SPN STORE 

SUS R8 NSCAN RJUST NSCAR - - - - - - - - - - - - - - ----------, - - - - - - - - - - - - - - - - 

ASL R 
ASL Re - - - it is 4. . . . . . . . . . . - - - - - - - - - - 
AD) RS, CSP AJUST CSP 

PP82, . CALL GNSTS CET FIRST SPREAD TO SCAN AND ENABLE SPIRA SEs, RCH 
. CALL LED & SQED, NSCANX 

P95 . . . . CA. TYPE & 5.2 EROS ASKA8 QUT ANA, YSIS RESTART --- - - - - - 
. CA - PARAM, (NP, PAR, ANP) 
CPB PAR BUF, Y - - - 
BN PP 5 8R F HO ANALYSS RESTART 
CLR H PHASE NPHASE a 9 - 

V Sos Re 
Mov (SDSR 1 - k 
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G'' 3 F SS ; SET ALL SCAN DAA SETS AS FULL 
PF 3 MO'. B R (R 1) + 

SB R3, PP 
. Cf. 'YPE { 8, 2E ROX A Sk HD ANY 
- CALL PARA, {NP PAR, ANP) 
TST PAR 
BE PP12 BR F N E 
CP PAR, NSDS 
BE PP12 B R F N G E HSDS 

W PAR, ESS SRS FSS 
PP 12 . CALL LED, KAE), NFSSX SPLAY ANALYST S GEE 
f : ...- S ---HCflG. --...------------------------------- --------- - - - - 

SNE PPEX B R F HCOPY RUNNING 
. CALL YPE & 6, 2 ERG ) ASK 8 OT ARCPY RES ART ... - - - - - - - - - - - - 

. C. L. L. PARA (PPAR, ANPX 
CHPe PAR BUF, Y 
9 NE PPEX BR F O HARD COPY RESTART 

------ O - HDS R8 - -- 
OW HDS R 

- ... CR L L TYPE & 8, 2 ERO) ; ASK. 40. MAY . . . . . 
, CA. PARA, (NP PAR, MA: NPs 
ST PAR - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

E. PP 6 R F N E 
- ------ CPP- - PAR NHS 

BE PP 8 R F N E NHS 
...-------.' . . . . . . AR R. . . . . . . . . . . --------...--------------------------------. . . . . . . . 
PPG OY R, NH COPY S T N HARCOPY BAA STS AS FU 
PP2008 - (R) + - r -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SOB Rey, PP2 
-...----. CB -HCFli----.SET HARD COPY OPERATING 

B S TES RN ON HARDCOPY TE 
- MOY 9PS is (SP) -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - - - - - - - 

SR PC, CLE 3 JATE INTERRUPT TO COPY END RE 
PPEX, RTS PC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PP4 OW PAR. R. PHASE NUBER 
- - - --- - PERR------- 

CP Re, NPH 
BT PERR . . . . . . . . . . . . . . . ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ASL R 
AD) NPA m2, R J NPTAB-2 PN2, ... . . . . . . . . . . . . . . . . 
OW NP, R2 STORE HP FOR THE PHASE 

---------. Call - PRRR-K NPA fast 2 fee----- 
PPR P PPAR 

PERR . . . CA. JYPE, PESG, EROX - - - - - - - - - - - - - - - - - - 

BR UPPAR 

SCA, TS NSCAN JSR PC, NSC AM 
.-...--------E.--- CNS.--...----. ........ I BR. lf-SCAN NOT. ERO----------------- 

. Cf. TYPE, PSG TYPE 'OK TO START SEARCH 
- . CALL SERRC A to SEARCH START 

RTS PC 
CGNS: . CR GNSTS GET NEXT SPREAD TO SCAN 

RTS PC 

W . B. KU . We FOR READING PASE FRCN CALMs. OWR 
, 9Y TE 1.5 OKS 1. - - - - - - - - - - - - - - - - - - - - - - - - 

RADS) / OKM 
... K. 2 . . . . 
RAS) a CAS CWR a 

- - -----------------Y-?! ---------------------------------- 
BLK 1. 

L377 . DRB 37? 
PS2E ... Rb 322 SS. 
TO . ORD 2. . . . . . - - - - - - - - - - - - - - - - - - - - - - - 

NEX . OR) ... a. 
F PHASE . . . Ug RD 2 . . . . FRST ANALYss PHASE core EOUG PHASE) 

P. . . J.R.) MAS K. H 
PPHASE . R. S. PREP PHRSE 
EPHASE . ORD 7, EXT EDT GR PHASE 
FFASE : . ORD 8. FORTRN PHASE - 

. ORD DISK N T FOR SCAN OR HARD COPY DATA SET 
SA Ascii ovoz 
PNA . ASC PAR/ 
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PM3 BK 3. MvB FOR RITING AND READING PARAE TERS 

RAD 53 Mk M 
. 3. K. 2 
RRD59 -- / CASPAR/ . . . . iCal S. PRR-...- ... ------...-...-...--...- ... - . . . . --- 

BK i. - - - - 

PARS 2, . OR 182. 
PLITE: . UORD 1ae, 48, 49, 48, 49, 49, 29. 9, i.e., te, 4, 2, 2, 189 8, 100 18.408 

. ORD 439, 4900, 439, 29, 8, 9, 9 
PTAB.B.K NPH NPT A8LE ---, ------ - - - - - - 

DNPT RB . . BLK NPH BEF A NP TABE 
PAGE . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - 

HCCs 72 - 39 HARD COP’. RD COUNT REGISTER 
HCAD a 172432 - - - - - - - - - - - - - - - - - - - - - 

HCST set 72-434 
------- CD2 ------------------- 

CY 44 
HC V2s 44.2 . . . . . . . . . . . . . . . . . . 
NPSs 349 TERRUPT PR RTY LEVEL 7 

H COPY, now 77777. A CLEAR ACTIVE BLOCK NUMBER 
OW 77777, A+ 8 AND INAC W E BLOCK HUBER 

... . . . . . .0' . . . . SLAB At2 . . . . . . READ LABEL INTO SLAB - - - - - - - - - - - - - 
Oy ABS 2, A4 BFS2 REA) LABS 2 BYTES 

CLRB A+DBFLAG PREVENT READ-AHEAD . . . . . . . . 
CR A CURREC CLEAR CURRENT RECORD HUBER 

- . CAll GLABEL, { A, SPAR, IAX - - 
READ THE LABEL NF03 PAT ION N TO C. CORE AND CACULATE RECEN. 
THE SETUPTHEW's TO USE TO 4 a 96 BYTE BUFFERS IN HIGH COrE 
FOR THE DISKTO CORE TO Airp-copy a TRANSFER. 

Mow 77777, A CLEAR ACTIVE BLOCK NUMBER 
O 6980. A+ 2 ONE BUFFER AT 600 

877777, A+ B N CLEAR IN ACTIVE eLOCK U BER 
OW 732 - A Oie EFFER A 17) 
9W 1982 a A+BFS IZ. BUFS 24096 BYTES - - - - - - - - - - - - - - - 

W 12 ABP8 8 BOCKS PER FFER 
NEB A+DBFLAG SET DOUBLE BUFFERING 

CR LINE ; NITIALIZE LINE COUNTER 
OW t NTRY, G CW NT ENTRY ADDR HCPY IN T WEC 

... . . .9' ITPS, 9 HC2 HT SWCPS TO HCPY INTYEC 
NC BPL CASE OF ODD BYTES 

ASR 3P D CNT FOR HCPY LINE IS PL/2 
W BP, BP2 

ASL BP2 2 is ch 
OW A +54 Ris RECEN 

------- - - --. BPL 2. B ----...--....... . . . . . . . ... -------. . . . 
SUB BP, RB 
HOW 169998, 9th CAD 
SU) RB, HCAD 
CR Q HCC CLEAR CPY UD CNT REGISTER 

ONTST CLR e HCST TEST FOR HCPY DE WICE ON 
. . . . .B. t229 H CST . . . . . . BIT-19 IS HC RUNNING . . . . . 

BNE ONTS ; A T FOR PREWOS END-FRAE 
BT 4), 9:S B - 1 S HC REAY 
B NE REP BR F C READ 

HCOFF: OW CST - (SP) DISPLAY HCST 
OW Set, - (SP) At SC, HC OFF 

O. O . . ACTION NSG to oPERATOR 
SR , Sf ; Cie C K HCPY DEWI CE AGAIN 

HA) COPY BEW CE INTERRUPT SER CE ROUT INE 

I NTR BIT 3232, Q S R 
SE XT N BS F S2. UP - - - - - - - - - - - - - - - - - 

CO XPD 
BE X 3R F Na NE 
SS BP-2, HCA RESTORE CAD 

Cer r3 EA E R S 
T: BEC NL ; DECREMENT LINE COUNT A TES 

BE. . . . EOS ...... . . . . . . . . . . BRANCH. IF END... . . . . . . . . . . . . . . . 
REPL NC S. 

A. RB, HCAD 
BT 7777, HiCAD 
BNE NOGET 
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. CA - - ET, KA, LINE, DEX ; GET OCATION OF LINE 
- . . . it'. ... A. HAD . . . . . . . . . . . . At 0 AD 9-.... . . . . . . . . . . . 

A h). Ex, HCA) C BUS AR RE 
3 GE SUS CN, 9 HCC STORE a GAWE UORD CONT 

O'' 3, HCO CD AND LNE OUTPUT TH PATAs it spa 
R - ; RETURN FR0 NTERRUPT 

EODS : CR 9 CST STOPHCOPY DEVICE - - - - -- 
CR PS OER PROR 
Bl 4, 9 SAR 
BS COK 88 F S 2 OH (NO RER UN CHECK) 
T STB PBUSY TEST PARAM BUSY BYTE 
BER SCP BS F O 

- MQ's SCP, P N S STORE INTERRUPT Al DRESS 
R 

SCP . CAL TPS, KS 3, 2R x 
CA PARA, KP, PAR, AXNP, SP8 UFX 
CFB S. PBF, W ' ' - - - - - - - 

BNE HCO ; B R F GTPUT AS Oc 
JP COPY. . . . . . . . FE-D ; H E JP . . . . . . . . . . . 

H C K CR B Q CHOS EEAS 2 E COPY DATASE 
DEC COY - - - - 

HCl). CA E - HE), HCOPYX ; ENTRY FOR RESTART 
O' R9, - (SP) 
O R - (SP) 

MO'. . . . ;-S R3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

O'' HS, R1 
HS 8, REG2 

4 3 TST is ( R ) - 
s H53 9 R F D ASSE IS FU 
f 2, RE 2 
SS F - 42 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CfR 3 F. SET HCGP No LG ER OPERAF 
BC 3: ... I E3 T S N OFF HCOPY TE 
O (SP) -- R 
OW (SP) + 33 

R REURN FR INTERRUPT 
H53. M E) GSE G2, A+ S8 f SE UP STAR BLOCKN BER . . . . . . . . . . . 

DEC R 
MOW R. CS 
Oy (SP) --, R 

NC; KSP + R9 
JP HCOPY START HE DATASET 

. . . . . . . P GE . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- 

LIN PH. P. IT PH 
NP RD - 
P R B. k. 23 
AP OR) 28 
HDU ORO HOU 

2 ER GRO 
O E it 
F OR ) R. D. - 
F IE RB 5 
TEL WE OR) 2. 

. OR - 

A : BLKa MyB SI 2 - - - v - -- - - - - - - - - - - - 

St. A 3: BK A8 S2 
SPA3 - SLAS + 2 
Mac SP 
3 : P R + 2 
ld Chs EP 
8 P E = SPR+ 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

XPO: ORD - 
R8 GRO - 
B92: ORD ... - . 

NE OR) - 
NFSDS RD - OF F SCAN ATASETS 
cMDs. ORD -. LoC OF CURRENT MASK DATASET FLAG - - - - - 
CHDS ORD - OC OF CURRENHARD COPY TASET FLAG 
38 : BK NHS ; HARD COPY AT Ast T START BLOCK 8U 8ERS 

CSBN GRD -. 
8. EG2. GRO - 

At RO 28 
Y L. . ORD 282. 
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H COPY . . . 830 - - N COPY QUEE 
SFLAG; BYTE 9 Flag FOR SEARCH oper ATING 
SDS . BLKB NSDS SCAN ATA SET FAGS 
HDS . B. K8 NHS HARDCOPY DATA SET FLAGS 
CFG BYE FG FOR ARCOP PERAT INC 

RF LAG; BYTE 9. s FLAG FOR RESTART REQUEST 
PFAG: . . BYTE FLAG TO CALL THE PATENT REPORTER 
EF LAG; . . BYTE 9 FLAG TO CALL THE TEXTED TOR 
FFAt . BYTE 9 FAG TO CAL FORTRN 
E-ZE, . ASCIZ M / - - - - - - 
PSG : . ASCI2 M OK O STA&T SEARCH M (LF) (F) 
SG2: . . . ASC 2 MIS THIS ARES ARTZ -----------...---- - - - - - - -n. mm was.-- 

PENSG - ASC 2 M I LEGAL PHASE BER. M. 
MSG3 - ASC Z RERUN HCOPY . . . . . . . . . . 
4. ASC 2 M SES ART SCAN / 

et 5: . ASCI2 / RESTART ANAS IS 2 a. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S. ASCI2 a RES ART HAROP2 / 
7 : . . . ASCIZ iH CH SPREA)? a --- - - --- - 
8. - ASC 2 a HO ANY SPSEASP a 
SPBUF : . B-kB 83. HCOP r PARSUF 
FPEX ASC He 

At E. . ASCII MSXX 
. EE 
BLKBSOURCE + 39 a 3 AKE PROGRAP LENGTH CONSTART 
EHD CS 

TE SEARCH - SEARCH PART TON OF CAS 
... MCALL CALL, PAUSE - ... . . . . . . . . . . . . . . . .- ... - -...-- - - - - - - - - - - m - - - - 

Fre 2 
C Ra 5 
F MEs 15. MAX NE BETEEN FOCUS OR ING SEARCH 
PS = 77776 
SR 775? 3 

CR0 CET Kid itS S. 20 C. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T. 

TST PBUSY 
BE OC 
O O C P - 2 

RT 
C: CR PS 

- --- - . CLL TYPE KSG ZERX . --- - - - 
NDP 

. Acro EHI cope EHAe LE INTERRUPT 
B 2 COE at IEAP) 
END 

cR0 psi cope D SAE INTERRPT - 
- B IC (CGDE. e. EAPD -- - - - - - - - - - - - - - - - - - - 

END 

. ACRO LoN coBE TURN LIGHT ON 
BS CODE 9 LITES 
END 
- - - - - - - - - - - - - - - - - 

ACRO OFF CE T R LIGHT OFF 
BIC (CODE, 9.1 TES 
E) 

. MacRo HINT KEY. Haipei NTERRUPT for KEYss-s cac, RJ, X, as 
DSI 9 

FF 999 
of Ra, - (SP) - . . . . - . . - - - - - - - - - - - - - - - - - - - - via - - - - - - - - - - - - - - - - - - - - - v. 

. C. ED & KLE, EX 
...l.. EP ... ---...------ - -- - - ----- 

- CURRENT ORIGIN IS 422 39 - - - - - - - -- - - - - - - - - - - - -- 

i 

SS P GS ETR Y Pot NT FOR GNSTs 

Stfrch ; ; O' . . . SR STA R2 . . . .I.N. T. A. CALL FRO SUPERY IS OR . . . . . . 
O SRS (R3 + SET UP SEARCH. S. AiR INTERRUPT WEC 

232, Rey PR OR T 4 
S., R 
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S29 O N, (R) - UNEXPECTED INTERRUPT RTE TO OTHERS 
OW 299 (R) - PRORITY 4 

- SOB. R S 29 . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OW FOC, FOCA 
OW KYR, 0 (YRA 
OW 29), KRA42 

. Cl FST, k PAGN, FPS X - 
EN 1 4 EA8LE SR Ch. START, FOCS AN KBD REQUEST 

---...-...s.l. 367. . . . . . . ISABLE OTHERS - ... ------- 
RTS RS ; REURN TO SUPERWISOR 

UNT . PR USE I EAP2) NEXPECTED INTERRP 
RT 

SRST DS 
. CAll- E KED, SSCEY). 
GEks GET KEYBOARD AND TYPE N 1 
. C4 PRA, NP, PR MAP, SPBFX 
CP NP 2 
9 NE SR2) 8R F HOT 2 OSDS 
CMP PAR, is "A 
9NE SR2 BR F NOT ASORT 

... CALL TYPE. 17 SEARCH ABO3 TED TYPE 7 
ENI 
RT 

SR2): NCB SFA SET SEARCH OPERATING 
Of F s293 TU3S OFF El T H S 
ON 132 URN SEARCH GHT ON 

- - TST N P 
BEG SR3 BR F SAE PA, ENT AN SL BE 
. CALL WCR, CSPBUF, PAUP, LPA MurX OVE PATIEHT NUMBER - - - - - - un - 
. CALL TYPE & 2 EOX 
POWs PAR ... I HIT ALIZE SEK TO BLAHK 
. CALL PARA, 4 HP, PAR, ANP, SPUF ) 
OYB PAR PASE3 STORE PATIENT SEX --m-- 

. CALL TYPE, & 3, 2EROX 

. CALL PARAM, KNP, PAR, MAXNP. SPs UFX - - - - - - - - 
- CALL- YCR (SPBUF, SN. LSNX OWE SLE NUE 
- CALL TYPE. c. 18. ZEROX. - 
. CALL PARA, (NP, PAR, ANP, SPBUF) 

-------- - - - - - OW PAR, SORCE STORE souRCE CODE - - - -------- 

S23 OY SP, CSP N T A2E SEARCH RUEUE PON TER 
CLR Nsp NSPse - - - - - - - - - - - - - 

OW R - (SPD SAYE RO EFORE CANG 2 A 
. CALL Z.A. (SPR. LSPRx ZERO THE SPREAD RATINGS 
OW (SP) + 30 

. . . . . CRLL LED & SED ISP ----- ------------------------ - - - 
. CAL FS, AGN FPS X 
OW XLT, KCTR NITIALIZE SEARCH PATTERN - 
OW ISDE, DE 

MO SDR, QSDFPA SEARCH DATA READY INTERRUPT 
MO SRHA 9 SRAA 
HOS ESRRS SRRSA . . . . . . . on -------- - - - - - - ------ 
O EBS, EBSA 

EH 74 ENABLE INTERRUPTS 
RT 

FC . CALL ED, K. Kab FOCEY) FOCUS INTERRUPT FON FOCUS KEY 
F9 CSUS: ; PS 499 . . . . . . . . FCS SBROUTINE --- - - 

0. 42009 f PAY BE ENTERED BY ANOTHER INTERRUPT 
Mov FE, FCNT RESET FOCUS COUNT 
MW 9. EAP), OERP) SAVE OLD EAPD AND SDFPA 
MoW a SFPA, OSDFPA - 
. CR- FST, k AGK, FPS X; F IND F STEP FAST FOR THIS AGNIFCAT I 0. 

- - F43, it SFFASE PINTERRUPT VECTOR 
ENI 4 
RTI - 

F4 . C. L. CFO C, DLF CACAE FCS 
. CALL FRE FSTEP 

F 420 NOW F-33 SFPA 
- - - - - - - - - - - - - - - - - - -------------------- - r- - - - - - - - - - - 

F (3) . Cl CFOC, F 
CMP FOLF a SEE IF E ARE GOING IN THE RIGHT IR 
BG F 5 BR IF SO 
OW FSTEP, CHANGE DIRECTION 

AS N 
NEC N OWE TCE AS FAR N REWERSE 
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CAL I FRE, 
HOY F442, gas FPA - - - - - - - - - - - 

R 
F 44 g . CALL CFOC, F - - - - - - - - - - - - - - - - - - - - - - - - - - 

chP F OF SEE IF OTHER DIRECT ON IS BETTER 
BCT. F 448 BR F. So - - - - - - - 
Ci F STEP, FLAS ; SEE F STEP S ZE IS SMALL EN 0 UGH 
BE F 48 ; RR F SO 
O' FSTEP, ; R A SAER STEP 

ASR FSTEP . . . . . . 

A FSEP, Na F STEP- FS EPM2 
- . CALL I FREL N - - - - - - - - 

BR F 42 
F4 48 HEC FSTEP 
F45: , , ) i. , Of 

CL FRE, FSP TAKE ANOTHER STEP 
3. Fis), SBFPA 

--------R ------- - - - - - ------------------ - 
F4 (S) . CR CFO C, F 

CP FOLF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

B F 45. B R F FOCUS S L INCREASNG 
OW FSTEP.N. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BP F 47 GET ABSOLUTE WAE FOR TEST 
----------- -- n 

F 4.7). NEC FSTEP 
CPP N, FLRST EST FORLAST SEP- - - - - 
EE F 48 8R F SO 

- - - - - ASR FSTEP ECREASE STEP S2E . . . . . . . . . . 
BSR F 45. 

F 489 : . . CAL FRE FSTEP TAKE AST SEP BACK --- 
OW F4S 9. SFPA 

- - - - - - - RT - - - - - - - - - v - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F 49: DS 4. 
...C.A. - R.C.I . . . . . . . . . . . . . . . . . . . . . . . . . . . 

OS) FPA, OSB FPA RESTORE SDFPA 
- BT 4, O EAPD a SEE If N TERRUPT AS EN ABE) - 

BE F539 B R F ROT 
B . . . . . .989 TES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
BE9 F 498 RE- NABE IT F NOT IN SEARCH 
TST 9 SPR - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BP F is 8 OR SPREAD NOT PRESENT 
- BIT 389. SR ---------------- - - 

BE F 498 OR S BON 
O 2009 . . . . JTUR ON SEARCH HATE. Gh 

Bs FS3 B O N T RE-ENABE THE INTERRUPT 
F 499 ENI 14 RE-ENABLE INTERRUPT . . . . . . . . 
FS2. ENI 49 
. . . . LOff 99.29 . . . . TirN OFF FOCUSING LTE 

RI 
. - - w - - - - - - - - - - - - - - - - - - - - - 

KYR S. 1932 ; D IS ABLE ANY FURTHER KBD REQ 
... CAL LEB & KLED, K R KEY) 
GET KB 4 

---...-- . . . Cll. PAR?. 8 P. PAR MA 8: P. SPBUF) . . . . . . . . . . . . . . . . . . . . 
rST NP 
9 EQ BKY EX B R F O INPUT 
CNPB PAR, A 
B NE KY 1 a B R F NOT ABORT REQUEST 
CA. APHSE, KZEROX 

- - - - BR -...- 8KY EX-------------. 
KY, CP8 PAR C 

BNE KY2e. BR IF HOT CALIBRATE MICROSCOPE 
- CALL I XRE, BEG 
- CAL IYREL, 8 IG POYE TO LIMITS 
. CALL I FRE, BIG 

- - - - - - - . CALL XA II. . . . . . - - - - - - - -m-n - --- 

. CALL YJAT 
-- . CR - FAA IT U AIT FOR END OF OVES : 

. CA. IFCPR IN A2E F, X, AND Y 
. CALL IXCPR - - r - - - - - - - - - - - - - -- 

. CR YCPR 

. CAL XY AB S. & XWA YWALX POWE STAGE TO loos, 1908 OR LAST POSITION 
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- C - FREL. F.I. ; v E FOCUS TO 33) 
. C. L. 4 IT 
. C. L. Y. I 
CAL FA 
CA RC 

SKEX: BR KEX - 
Kf23, CPB PAR, R 

B NE KY.3d ; BR F NOT RESTART REQUES 
NCB RFA SET REST ART FAG IN CALMS 

K''3), C PB PAR, E 
3. KY 33 ; : IF YOT SE f SEQUEST 

- B -- ...EFlfG. ... . . . . . iSEl-El T. FLAG. -----....... ------. ... -- - - - -- 
BR KYEx 

Kf 35 CPB PAR, "F - - - 

9NE KY4 BR F NOT FORTRN REQUEST 
1 NCB FRF A G ; SET FORTRN FLAG 
BR KEX 

KY 4e CPB PAR 2.- . . . . . . . . . . -------------- - - - - - - - - 
SNE KS BR F NOT ZERO SCAN GE UE REGUEST 
CR NSCAN - - 

- CAL LED & SE, NSCAN X 
OW a SRST . OSRSTA ALLOW SEARCH START 

BR KYEx 
K. 59 : CPB PRR - - - - - - ----- ------- ----- 

B NE KY 69 BR F NOT QUEE ABUST 
Mow 9 x cpR, XOFF -- 
SUB KWAL, XOFF ; SORE X: OFFSET 
how e Y cFR, YoFF 
SUB WA, YOFF STORE Y OFFSET 
BR KY EX -- w ------------ - - - - - - - - - KY 6, CPB PAR, STT 
BNE Ka J B R H F NOT SCAN REQUEST 

Kess. HC NSCAN 
CA - E), (SLE), NSCANX - 
OW : SPSRCH, gSRSTA SET P SPRA SEARCH 
CPP 4 SEE. IFK ANDY GEREGIEN ... . . . . 
BE KEX R F NET 
. CR IX ABS, KPAR+4. PAR4 SX 
E. 9 
JMP Focsa 

KY 70 CPB PAR 1D 
BNE KY89 . . . . . . . . it is FNODEBUG REQUEST . . . . . . . . . . . . 

PAR + 4, FPASE STORE PHASE NER 
e R KSS ; GD INCREMEHT NSCA 

K8. CPS PAR, B 
BE KY 9 BR F N9T e AiDED REQUEST 
O' : - 3. SSCE SET SOURCE OF -8 

KY 93 : CFB PAR, 'P 
BE K. BS F NOT PA, E EN REPORT SEC EST 

C PFG SET PREP FLAG 
C. L. (PARA , NE, PAR, PPHASEX RTE PREP PARAM 

BR KEX 
KY 2 a. -- - - - - - - - - - -- - - -- --- 

KES EN 1239 
RTI 

SR TST SPR) SPREAD ATA READY (SEARCH) 
BFI SPRES BRI. F. SPREAD PRESENT . - - - - - - --- -- 
NO FFAG RESET FOCUS FLAG 
DEC FCM T BECREENT FOCUS COUNT 
BP GP BR F NO ED) TO FOCUS 
BIT S39, a SPR) 
8EQ CNP BR F NOTHING TO FOCUS ON 
JNP FCSUB GO FOCUS 

. . . . . Ft. 
E. FOC BR F NO FOCUS THIS E 
JF F) CSS G) ) FOCUS SUBROf IRE 

N C F O C : Oy R - (SP) 
O' CSP R R as CURRENT SPREAE GUEUE POINTER 
OW 2 XCPR, K R9) + STORE X . . . . . - - - - - - 

EP XCK BR F x IS POST VE 
kiG. ET kB is REQUEST CALE BRAT IN 

MW (SP) + 
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S. 4. ) S St. E T R RPT 
R 

X K . . . MO' YCPR (Re) t ... SORE. Y. . . . . . . . .... ---..... . . . . . . . . . . 
B ''Ni? BR F Y S REGATIVE 
CP AGN s3. SEE F SEARCH IS AT H - AG 
3. LAG 
NEG o- 4 KR) F AT HI-AG, FLAG As ACCEPTED IN ED-LO 

OA: OW R, CSP 
--...---- (SP) R9 -----. . . . . . . -- - 

HC NSP NC REMENT SPREAS FOt 
. C. L.L E9, (SHLED, FSPX 
CP . NSP, AXN SP 

- BGE EDO BR 1 F ENOUGH SPREADS FOUND 
GNP TST KCR 

... ------ BGT. - G59 . . . . . . . BR If ANOTHER. MOWERS 0 - - - - - - - - 
B G 49 2 F AST OWE AS A 
NEC XDEL END OF ROU, REVERSE RECTION 
. CALL YRE {Y EX AFTER OWING DUN 
8R G S9 - - - - - - - - - - 

C 4 - OW XCF, XCTR RELOAD XCTR 
G58 . . CR L L R.E. KXDEX OYE NX) RECTION ------ ---------m------- 
GSa: EC XCTR 

BS 4, 94 EAPD EHABLE INTERRUPT 
RT I 

SRA DS s SEARCH OR FOCUS HAT 
- C. CI ERP PREY ENTEN OF FOS FRORES ING SRCH 

. CR . ED, KKEB, SAKEYs 
Ot 23292) TURN ON SEARCH HATED GHT 

. C. L. L. RC 
RT 

SRRS: El 4. . . . . . ... iSEARC. R. FOUS RESU E . . . . . . . . . . . . . . . . 
. CR L E. K. KE, SSKEY X 
OFF 2322 TURN OFF SEARCH HALE GHT 

RT I 

EST SI E SST 
QFF - 2929 -...-..... ... --- - - - - -...- ... . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - 

- CALL E. {KLE, 2SKEY X 
. CR - FST, K PAG:N, FPOS X 
EN s ENABE FOCS N TERRUPT 

FFAG IN A2E FOCUS FS 
BIT 19, 9 TES 
BNE. EDO J B R TO EDT-10 IF. N SEARCH - , , , - - - - - - - - - - - - - - - 

BIT 492), 9 ITES 
NE ES49 R F 9N E-LO 
CP AG, S3 
ST ESTT BR F O - A N E T-I 

P EHRST Hr AG ( N ED - ) 
ES-01. CP - ACR 63 . . . . . . .NEDT-G, TES MAG . . . . . . . . . . . . 

B ELRS BR F O-AG 
JP EHST H - AG, START EDT - 

Ed O. CR CSP NARK END OF QUEE 
SI 2 
CR NSPA. 
CP AG. S3. 
BL ES BR F O A G 
JP EHST START ED-HI F MA 

EL ST T. . CAL LED, KSOLE, SPA ) 
OFF 29 

- ON 408 TURN OH EDT LO GHT -- 
OW E. AC, i AC SPA ACCEPT SPR) 
O ERJ R SPA ; REJECT SPR) 

NOW ENS 9 NXSPA NEXT SPR) 
OW E, ASPA AS SPRD 

El RST. CR SN SPREAR NUtd & 
'' . . SP2. CSP . . . . . . . . . . . . . . . . . . . . . . . . . . 

MO's R - (SP) ; SAWE R 9 ON THE ST ACK 
EDX OW CSPQ, Pe 

OFF 49 de TURN OFF FOCUS LITE IN CASE FOCUS 
EN 49 AS NERRPTE BY ARN 
NC SPN 

- CAL ED, cSNLED, SPNX 
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LOFF 23) 
gy (R0) + X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BEG EDH 3R F END OF QUEE 
BPL E39 BRF NOT AREADYACCEPTE) , . . . . . . . . . 

N 20 INCATE AREADY ACCEPE) 
E39: OW c Re) Y --------------ar- -------- 

OW R2, CSP SAWE UPDATED C PON TER 
Mow (SP)+, Re RESTORE Re . . . . . . - - - 
- CALL I KYABS, 4 X f X IN TATE TOR NOVE TO X, Y 

- MOY ESDR, 98 SDFPA . . . . . . . . - - - - 
OW it 1. FFLAG 

--- ------- EABLE SPIRE DATA READY ENTERRUPT 
RTI 

EH. P. EH 

ESCR, ENI 39 ; A. O. R. DURING FOCUS 
E.G. . . ft. As EDT SPREAD BATA REAY 

3P ES2 BR F NO FOCUS THIS E 
JMP FOCSUB -- - - . . . . . . . . - - - - - - - - - - - - - - v -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ES28 : S. d NO SA BE HE SDR ENERRP 
. CALL R1C REASE NCIFROCOPUTER CONTRO 
ON 292 TURN ON OPERATOR ACT ON GHT 

- . . RTI -- - - - - --- - 

EAC. H. NT ACKEY AccEPT is PRD INTERRUPT - 
OW CSPR, R 
ST - 4 (Ra) - - - - - - - - - - - - - - - - - - - 

BP ELA 23 8R F O PREVIOUSLY ACCEPTE 
----- - - - EC SP, ........ 10' T.COUT TICE . . . . . . . . . . . . 
E A2 ( ) a CPR - (R) STORE UPDATEB Y AND K 

O Q X CPR - (R9) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NEG R2 ; : AKE X KEGATIVE TO FLAG THS SPREAD 
INC NSPA 
. CALL LED & SED, SSPAL) 
CP HSP A. . . . . . . . - - - - - - - M-- - - - ------------ - - - 
BE E. BR IF ENOG FOUN) 

--- BR EDMXT GO TO REkr SPREAD . . . . . . . 

ER.J. HINT RJC EY REJECT SPREAD I HTERRUPT 
MOY CSP, R 

- - - - TST ... R9) . . . . . . . . - - - - - - - - -------- 
3P JEXT BR F O PREVIOUSLY ACCEPTED 
NEG - 4 ( Ray PARK IT REJECTED X + 
EC NSPA. 

. CALL LED (SGLE), NSPA) 
BR EDx 

- i. KE'' ; EXT SPREAD 
BR JEDNS 

E.R. ii AKEY AS SPREAD 
SS 4, CSP OVE BACK TO CURRENT SPREA 

. . . . . . ) E. SPN - - - - - - - - - - - - - - - - - - - - - - - - - - - v- - - - - - - - - - - - - - - - - 

BE EDNS BR F FIRST SPREA N GUEE 
SS CSP BACK UP ANOTHER SPREAD 
DE SP 

ET is S. Sk 

. . . . ...'.... -. KSF)* R2 - . . . . . . RESTORE R2 - - - -- . . . . . . . . . . . . . . . 
GEKB S REGUEST H AGNIFICATION 

EHST OFF 400 - - - - - v - - - - - - - - - - - - - - - - - - . . . . . . . . . 

ON 239 R ON E GH 
OW EHAC, AC SPA SET UP EBT HINTERRUPTS 
y is EHR, 9 RSPA 

- OS EHNK NXSPA --------- 
MOW the HA, LASPA 
M by EDEN, at EDEA - - - - - - - - 

ENI 23) 
- CLR. NSCAN - - - - - - - - - 

. CAL LED KSG ED, NSCAN X 
EHRST : CR SP - - ------ 

MOS SP, CSPQ 
- - - MOW Re, - (SP). SAYE Re . - - - - - - - - - - - - - - - - - - 

EHNXT MO CSP, R2 
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LOF F-4999 TURN OFF FOCUS LITE IN CASE Focus . . . . 
EN a 9 AS INTERRUPTE BY ARRL 

EH 9 NC SPN m-m------- 
OW cR93 - X 

BEQ JEDEk D. SR F END OF QUEE . . . . . . . . . . . . . . . 
9. E2 BR F -X (ACCEPTED IN EDT LO) 
TST c R2) + -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ER EH 9 TRY HE NEXT SPREAD 
EH20: . LOFF 299 ------ - ----------------m-m---------- 

OY (R3) +, Y 
BPL EH3e BR.J. F. NOT AREADYACCEPTED. . . . . 
0. 28 TRN O LE 

- BR EH40 - - - NO ASTENT F-AL READYACCEPTE) , . . . 
E39 CR FST, {AN, FPOS X SETUP XAB As YAB 

... ... SUB. &AD a 8..... & S NEGAT I YE, ADJUST FORCENTRAL IT Y 
AD YA ADJUST POST VE Y FOR CE RA Y 

EH 49; POS Ra, CSPg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Of (SF) + R. RESTORE. R. 
. CALL LED, Ski LED, SP3). - - - 
... C. Ya3S 4 Yx TATE POWE D X, Y 
OS ESR, SEFF8 ----------- - - - - - - - - - - - - - - - - - - - - - -m-m- - - - - - - - - - - - - - - -- 

FFAG 
EN i EHABLE SPRO D A A READY TERRUPT 
RTI 

EBS) JEEND JF 

- EAC - HINT--ACKEY -----. En. Hi. AccEPT -- . . . . . . . . . . . . 
MOY CSP R 

- TSF -2c Re) - v - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BPL EHA2) BR F NOT AREADY ACCEPTE AT H AG 
- - DEC NSCAN ON COUNT T TCE 

EHA29 O' YCPR, - (R) 
--------Ri -- (R.-----STORE - RN.Y.------------------. ... 

OW CPR, - (R) 
NEG 9R9 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NC SCAN 
. CAL LE { SG E NSCAN X . . . . . . . . . . 
SB - SPR, R2 FIND CC IN SPR 
AS -2. R. 
NE SPR (R 9 CREMEN SPREAD RAT INC 
) KSP } + 33 
0 

EH 
RT RETR FOR ANOTHER AC OR NX 

EHR HIf Ric E E. H. REEC 
W CSP, R3 

ST - CRE) 
BPL ENK 
E. SR3 i: E poS IT I. We F PSEY OSY ACCEPTED 

. . . . . . DEC ... NSCA it..... -- -- - - v- - - - - - - ..........------ - - - - - - - - - - -am- - - - - - - - - - - - - - - - - 

TST - (R) GE LOC N SPR FOR HE SPREAD 
SUB SP, R3 
ASH -2, R 
CLRB SPR (Re) ZERO THE SPREAD RATING 
. CALL ED (SQED, SCAN X 

------- BR EHXT - - ---------------- 

EH HX, H M T hkkEY - - - - - 
Cir NSCAR, AXSC 
BGE EDEN) BRF ENOUGH FOURD - - - - - 
BR ENT 

EHLA AKEY ED H S 
. . . . . . SUB 4. CSPQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - W - ' ' 

DEC SPN 
BEQ - JEH HXT BR F FIRST SPRING 

Ef 22 Se 4, CSP OWE BACK ANOTHER SPREAD 
--- DEC SPN - --- 

BER JENT 
- TST gCSP . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BPL E29 3R F O - 
JEHN 8T, JPP EHNXT LAST X - - - - r - - - - - - 

EPE---. C. L. Ebc kle DEEKEY X , . ------------- - --------- - - - - ----- 
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O R - KSP) 
E DEF: OFF 18229 a U R OFF E9 H AND AEC (IGHT . . . . . . . . . . . 

S. 4 SABE ARN AN SDR 
TS SCAF 
BE EE3 BR F ONE TO SCAR 

- BSI. . . . . . . . i ISA BE EDT START ------ - -an- ---- 
SR RS, SORT Sir E REE ACCOR RA 

to SPg, CSPQ - - - . . . . . . . . . . . . - - - - - - - -m -- - - - - 

CLE SP 
. C L G PARAP, & 5 12, SOURCE OR EX ; SAYS INFO FOR RES FAT 
C X FF 

-- - - - - - - - - - - - ------------------------------------- 
. C. -- STS E FRS SRE. T. SCR 
BS EE4a - - - - 

EEE). SRST SRSA AL SERC SAR 
EE . (SP) -- sb RESTORE R 3. 

C RE SF G 
. . . . . Ril . . . - - -m-m---- - - - --------- a-- a - a v- - m a - v -m -m-m- a mu-m- 

S : : O R - KSP GET NE SPSE TO SEA SBRE 
f CSPR, R2 

: SPSRCH, SRSA 
E . . . . . . . . . . i ERBE SPIRA. SEARC - - --- - - - -W--------------- 

EE : SP LOOK FOR FSS - 
O (Re) + 8 AL 

BER GE BR F ED OF GEE 
OW KR3) +, YAL - - - - - - - - - - - - - - . . . 

BP EE R F O ACCEPTED 
NEG X at MAKE... x VAL AND YY AL Pos IT is E 
i.S. ''. 
s ... F. S. ; : ) (FFSET 
A ) "FF, ''Y: 

E. CSP 
. CALL SBS K W - Y A X A TE MOTOR MOVE 
O' a PSj - (SP) . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - ------ 
SF P, FCSB SART FOCUS G 

GEX . C. L. & SE, SPNX 
M), (SF 3 - 9 
f : ; s 

SFSR C: , . C. . . . . . E), KE), SS5'? X. . . . . ; SFRA. SEARCH...-- . . . . . . . . . ......--------- 
C ... CTR I L I 2 E SPIRAL SEARCH 

R CTR - . . . . -- - - - - - - 

CR SPE 
OY SPSBR, a SDFPA . . . . . . - - - - - - - - - v- - - - wr - - - - - 

- SRA SSA 
SRRS at SR RSA umu ---- -------------------------- - - 

ES 4. ESE SESC HAT RES E L S R 
R - - - - - - - - - - 

SF SD B 23 SFRD SEE IF A. H. HERE 
BEG SGP m BK IF OT . . . . . . . . -- . . . . . . . . . - - - - - 

EG FFAG 
BP SP M. M. BR F O HEEE TO FOCUS - 

iP FOC SUS 
S GNP, S KCTR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - 

ET SEO BR F AO ER OWE S K 
-- Ts CR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -- - - - - - - - - - - - -m. 

ST SK BR IF AND HER Y O WE IS K 
INC SPLE CREE SPIRAL LENGTH - 

SPE XR RED a Y COTERS 
SPE, YC TR ... . . . . . . ,-- - - - - - - - w w s m - - - - - - - - - - 

NE SP SEP RAN E E REC ON 
S K . . Cls LL : RE, SPSTEP - - - - - - - - - - - - mm v. v. 

EC KCTR 
---------R-...--------------------------------------------— 
S Ox: . C. YRE, SPST EP 

DEC CTR --- . . . . . . . . . . . - - - , , , - v- - - - - - - 

RTI 

SPE CR - SPIRA. E. 

SFSTEP : CR 5. . . . . . . . R.S. - ------ -- - ... ------ 
CR - 

B I G. JGRD St. 
- 

Crs - 
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FF S: , , FR OSLATES FRO T b - 
9 *f;... 08---. 9... --...--...----------------- - - - - - - - - - - - - - - - - - - - - - - - ------------- - - - 

O SFP . OS 9 
F. . . . . . . (R) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ODF C 
C F D a - - 

SSKEY: ... (FD - 1 - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ - - - - - - - 

S-3KEY, OR) 2 
RSKEY: . ORD 2 u - - - - M -- - - - - - - - - - - - - - - - - - - - - 

ESCEY R. 4. 
A CKEf . UOR D 5 - - - - - - - - - 

RKEf . OR s 
- KY--OR- 7 --------------------- ------------------ re-- 

KEY: . ) 8. 
- 8 EKE, . ORD 9... . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FOKE: . ORD 1. 
KR KEY: . . ) RD 1 1 -- - - - - - - - - - - - - - - - - - - - - - - - - 

S C - RD 9. AX T. SCAN 
AX. OR 30. ; : 1XMun TG ACCEPT IN EDT - to 

X (PD 
Y R. 
F P 0 ORD ..a 
: A Gi: GR) - 
FC 3 RB S + . . . ; T E TO FC US COUNTER 
KDE . . (RD - 3 - - - - - - - - ... it A. E. . . . . . . . . . .......----...-- - - - - - - - - - 
XDE. RO - 3. 
Y DEL: RO - 13. 
'KC & R. 75 - - 
X GH: . . . ) 5. - 
if A: - 38 23. At FC US AFTER CAL S R AT I ON 
SP:. . . .8Fi 9... . . . . . . . . . NBER F SPREAS IN THE JEE. --- ... --- 

hi SPA OR 
AXHSP . , to RD 255. MAX UP SEARCH gue UE 
SPRs ... O R. Se Ef H OF SPR 8 S 
5 12: . . UORD 5 (2. - - - 

2ER). ORD 
NP UDR) . . ---------- - -------------- a----- 
p R, "2. 
Makri P. . g RD 23. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SPBUF BB 33. 
. . . . . ST BEX - - - - n- - - - - - - - - - -m a - 

. ASCI2 a ENTER PRT ENT D M 
- 2 : ASC 2 M. ENTER PAT E SEX M. - - 

3. . ASC 2 1 EER SE is a 
M4. ASCI2 Eht ER REQUEST / - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -r r - - - - - - - - - - 

f5. ASCIZ C - HE TO HIGH AGNIFICATION M KCR) { FX F ) 
KS: ASCI2 - PLEASE CALIBRATE THE MICROSCOPE (CRX (LF) {F} 
7 . ASCI2 LEGAL I I, SEARCH - f| STARf EDM &LFs KFX 
8: ASCIZ 7 ETER SOURCE CODE (EGATIVE FOR BANDED M -- 

BK3 GSS + 939 - . NAKE E GTH CONSTAN 
. ERI) -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

TE L E - I SPA A E ON THE TERACTE IS PAY 
i CAt 1S WERSION 

Ri C = 2 - ) ORD COUNT REGISTER 
R8 = D R C +2 BUS AD DRESS REGISTER 
RST ser, C+ 4 ; SA S N COAD RE SER 
REGs 64 5 ; : E REGISTER 

. . . . . . . . .3-4 ; : ; P E RE, STER 
- - - SSTs 34 20 GPAYS CRESTATUSA COAN REGISTER - - - - 

GSP 4 ; G R Y SCAE P XE COUNT REGISTER 
GSKCP’s 1 & 2 ; CRAY SCA ECURSOR POSITION - . . . . . - - - - - - - 

CSYCP = 6 GRAY SCALE Y CURSOR POSIT ON 
RCDs 4 R T COPAD . . . . . . . . . . . . . . . . . . . . . 
ERM is 6 ERASE COAHD 

- - - Ed M s2 - - ESA SEM RTE CAN) 
RBI = 3 REP CATS BET 
Sy R = 7757 a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F = 2 
. . . . . C. L. BI N20, . CAL. PASE . . . . . . . . . . . . . . . - - - 

---...-- - CAL DIT. - 

DJ A T TST RGSST TEST READ B . . . . . . . . . . . . . . . . . . 
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BP A SR F OT REABY 
RS R5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

------ CALL BEAR - - - - -------arm-m-m- 

CLEAR: JSR R5 (AIT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GSS STORE CEAR COAN) 
RTS R5 -- - - - - - - - - - - - - - - 

. . . . . . CA. It I (C Y S REPER ASE) - ERASE EY - - 

D IN E JSR R4, SAWER - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SR RS, RT 
- MO g4 ( R5). Qi YREG START ING INE ON DISPLAY . . . . . . . . . 

O t WSCD, R 
- - - - - BS 49 2. DRST . . ; ASSUS RE SET CYCLE BIT . -- 

TST 4 (RS) 
B E9 - OER ; 8 R F O ERASE 
OW EC, R, ASS NE ERASEM RTE 

TST g 4 (R5) - - - - - 
BP NBER 3R F ERA SE/ RE 

...O. . . ERCD El . . . . . ERASE 93 - Y --------...... . . . - - - - - - - - - - 
BC 9, a RST ; CEA R CYCLE is . T 

to ER. Moy Q 12 c R5), R3 ; NS 
O 2 (RS), R2 RSP 

BE gREP ; BR F NO REPL CAT ON 
BS SS, s. ; I SEST R S P C ATE B T 

--------------------------------------------------- 
N) EP EG R3 

to R3, 9; GSPC STORE PIX EL COUNT -N OR -29 - 
REP NOW 2 (RS) g RSA LOC TO BUS ABDRESS REGISTER 
- - POW esc R5), 9XREG STARTI Fig SAPLE OF DISPLAY m - 

OW 12 (RS), R3 SPE CONT 
---------------R---------- - - - - -m----- --- 

ASR R3 
NEG R3 - - - - v- - - - - - - - - - - - - - - - - - - - - 

MO R3, a DRC ; STORE ECA V E ORD COUNT 
Mow R, 9.SST STORE J R TE OR ERASE URITE conAND - - - v - - - - - - - - 

NC DS SSE 
TST R2 
BE Es: B& F ONE 
Ef A SR ; REP CAE UNESS S 3 S UP 
BE E EX T E F St 3 P 
CR R2 
SR RS, A 
NC YREG STEP TOEXT LINE . . . . . . . . 

BS REF GO D HE REP ICAON 
E. P RESR 

j C3 - 3 C O SE i rje CRS OR - - - - 

i-i-. -- SR -. F4. SRYER-...------------...--------------------------- 
D 3, R3 

SC e Noy -- 32. X - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- m - - - 

o 32. Y UTE A PARK A 32, 2 
... CR L Dll NE (2 ERO, Y, & TER ONE, ZEROX . . . . . . . . . . . - - - - - - - - - - - - - - 

OW 9. Rd. 
SC20 AD - 2. Y. . . . . - -rara 

. CAL DNE, KZERO, Y, X GE, ONE ZEROX 
SOB R SC29 . . . . . . . . . . . . . . . . . . . . . . . . . . 
SOB R3, SC REPEAT TO KAKE HTE ENOCH 

. . . . . MOW 3, R3 . . . . . . - - - - - - - - - - - - - - - - - - - - - - - 

SC 32. S3. Y 
Now S92. RITE A MARK AT 992, 992 
O S., R. 

SC40: . . CALL D HE {ZEROY Kok E. ONE ZEROX - - - - - - - - - - - - 
A 2, Y 

- - - - - - - - SOB R4, Sc4 - - - - - - - - - - - - - - - - - - - - - - - 

NOW 973. 
. . . . . . . CAll D. E. (2EROY Ki TE, ONE ZERO) - - --- 

SOB R3, S32 
CALL TYPE, K P3. ZEROX ; TELL OPERATOR TO Move cuRs OR -- , , - 

SCS . CAL - PARAM, KHP PAR, F I WE X 
JSR R5, ULB R CHECK FOR REQUESTED cuRS OR Mo VE 
BR SC52 CRS OR AS NOWE) 
10 a GSYCP Y2. STORE YZER A Jus TENT . . . . . . . - 
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MOY 2 GSXP, X2 STORE S 2 RO A JUST ENT 
. . . CALL TYPE, & 4, 2ERO) MOVE TO O' ER. R. GHT. . . . . . . . . . . 

S C S) : CAL PARA, KNP, PAR, FEX 
JSR R5, UDR . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
BR SC50 CURSR AS MOWE 

---- Moy Y.Y-------------------- 
SB 2 B STORE Y DELTA 
Most 2 GSX CP, XD 
SB X2, XB 

C 17 Seae, YZ 
9 17 S9, SX2 
. CR L PARA & FOR YZ. If f PHX SAYE THS ADJUST ENTS ON DISK 

P RESTR 

R A CALL F PARAM, P., Y2, FOR, N PHy ; READ ADJ S MRTS FRCP. D. Sc 
RS R5 - 

'-- CALL CURSORYP, XCP L NE, SAP)) - --- - - - - - - - -- - - - - - - - 

CURSOR: ; JSR R4, SAVER - - - - - - - - - - - 

OW QCSYCP, R2 
BC - 17632, R2 - - - 
SB 2 R8 AS THE READING 

-- - - ---- 968. R. -- - - - - - -------- - - - - - - - - - - ----------- 

3) It Yo, R2 
AD) 32. Re . AYs (Y-Y2) 9 Se MYD+32. 
ASL R 

- CHP R. YD - - - - - - - - - - - - - - - - - - - - - - - - - - 

B C2 
C Ra Rb P 

: I2 is GS:, CP, R2 - 
3. 1783. , 22 - 
SUS 2, R2 ; A) US THE X READS 
U 988, R2 

D X), R2 
- --- -... . . ... 32...R2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... -- 

AS R3 
CP R3, XD 
B C 
... ii. R2 - - - R is p 

C 49 OW R, 82 c R5). ; STORE YCP 
-- 0 --- R2 84 GR52- . . . . STORE 8CP . . . . . . . . . . . . . . . . . 

GT it 4 RS 
- BEQ . . .CEX . . . . . . . . . BR F HOT 4. PARAETERS . . . . . . . . . . . . . . . . . . 
ASR R 
.C. . . . . Re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

R8 scS INEs YCPM2+ 1 
-- ASR. R2 -- --- ----------arra------- 

NC R2 
to R2, a 0 (R5) ; SAPs XCP/21 . . . . . . . . . . . 

CEX. NP RESTR 

cu. sue 2, e-GSY cP CALL H curo Hove cursor up 
----- - RTS R5- ------- mm 

C Ab3 2, g : GSY CP CAL MCD TO MOVE CRS OR OUN 
... . . . . . . RTS - R5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C. : : SS 2, get CSX CP CAL CL TO OVE CUSOR EF 
. . . . . . . RTS - - - - - - - - - - --------------------------------------------------- 

CR AB 2, 2 SX CP CALL HCR TO MOWE CRS OR RIGHT 
---------. RIS -------- 

R Mor --2. R5 PAR . . . . CALL YOR (PAR) Ex ERNA CAL........ ---------. 
BR U.22 

- - - - - CA. ULDR TERACA . . . . . . . . . . 
BR: TST NP CHECK FOR , , , R. R. TyPE 

--------. BE 29 ------ BR. If A LETTER - RS-TYPED --- - - 
ST (R5) + ; SET FOR NO PE RETURN 

... -- - - - - - - - - -... . . . . . . . . ...--........ ............................................. 
22 CMP 8. PAR, 

B NE - Sa J B R F O T. A.J. . . . . . . . . . . . . . . . . . . . . . . 
EC (2 SYCP KWE CURS OR UP ONE STEP 

--li. CfB - PAR, D. . . . . . -----------, --------- - 
8 NE 42 
NC GSY CP a Q'E CURS OR DON ONE STE 

42 CMF B PAR, 3 
3E UL52 
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CAMS YERS 1 (N. 
CAL CA, . PAUSE 
CFR = = 643-4 

Y CFR = s is 4.42 
FC S = s. 64 g4 4 
SS C = a is 435 
IE&PB as 642.5g 
SPD as 474 
F P = = 847 

TESs is 4 34 
EDS a = 16436 

SRS As a 3 
SRHA As a 3&4 - - - 
SRRSAs si 
EDS TA==3 4 
ACSPA a 332 

79 80 
EC 2 : GSX CP OWs CRSCR LEFT O N E STEP 

U-53; CFS PAR, R . . . . . . . . - - - - - - - - - . . . . - - - - - - - ---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BSE U-69 
-- NC ?fsXCP . MOVE CRS GR R1 GHT CHE STEP - 
U.S. RS R5 ; T'PE i SETURN 

2 ERO : . OR 3, 9, 9 3, 3 
--0E . . . . ORD - 1 - . . . . --- --------- - - ---- - - 
FOR )R 4 
F YE: uORD 5 
EN OR 1 a. 

if TPH. . yoRD 7 It PHASE NUMBER 
PAR BK 5 

& PAR -- ----------- - - - - - - ------ - -- - - ---- 

Y FAR+ 2 
MPs PAR +4 
. NLS SEX 

3. . As CIZ MoE cursor to UPPER LEFT MARK/ 
4 : . ASC 2 a MOSE CURS OR TO LOVER RIGHT MARKM 

EE 
R. E2 

. GOPD 962. 
X2: OR 32. 
X: OR.) S6), 

BLKB OA - 5 - . 
-- - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . .---------------- - - r"r 'w---- " ' 

TITLE MC. Stje - M. C. Sty BROUT INES 

SEARCH START INTERRUPT ADDRESS 
SEARCH HAT 

; SEARCH RESE 
; EDT START 
RCCEPT SPREA) 

RJSP Ass 324 REJECT SPREAD 
NXSPA as s. 3 NEXT SPREAD 
ASPAs 334 LAST SPREAD 
EENA at is 34 EDT END 9. 
FoCA as 344 FOCUS 10 . . . . . . 
KRQAs a 35 KB REREST 
SDFPA- 374 is PRD/Focus DATA REAby INTERRUPT ADDR 

CURRENT ORIG IN IS 50590 

B is CAPTURE c1 

; RELEASE MC1 

citc. : : B is 849832, 9 shsc 
RTS R5 

ReCI ; ; BIC 498a 3, 9 SMsc 
RTS R5 

kg AI T: B | # 939, 9 SMSC 
ENE X 
RTS 5 - 

Y FAI. T. B. 29, a SSC 
NE YA IT 

RTS R5 
if AIS IT 13 SSC 

BNS FA 
RTs R5 

KABS . . . CA k2 
. CAL AIT 

. . . . Cill CC 
2 & 35 x 

EP E. 
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NE ; MAKE X POSITIVE 
2. ' g4 R5), Y 

SP Y33 
EG Y . . . . . . . . . i Aki YPOSITE. ------. ... ------ a-a-rr--- - - - - - - - - --or-- a--are 

3 SS KCPR AE WE TO X, Y 
SUB Ye YCPR - - M - - - - - - - - - ' ' ' Y " Y -- v- - - - - -- - 

RTS RS 

RE . . C. T CA REE O N TE X E 
M - CALLCC. - - - - -m - - - - ---------- -- ---a 

OW 22 RSX CPR 
-- RTS R5 - 
YRE . CA R 

. CR L CPC - m 
Oy e2c R5, a Y CPR 
RS R5 

I FRE; , C - F - T C I FREL (FEL). To TNITIATE FOCUS OVE 
CAL CC 

32 c R5 QF CPR 
RS RS 

C F OC OY AFCP, EP call cFoc (F). To CACULATE Focus. -- 
" " CR 2. R5 

EP 2 CRS) 
CRB EP+ 
R EP 2 R5 FOCS = F 1 - F2 
RTS R5 

CPR; BIS is 4a e g issc. T All 2E XCPR. ------- - - - M 
RS RS 

Y CPR BS {2e, a SSC 
- RS R5 

I FCPR, B S SSC 
- RS RS 

... SR R. SWER - LL LEE, WA. 
25 R8 C E O R3 - v- - - - - - - - 

ASf 3., R. SHIFT TO ORDER 3 BS 
4 RS), R. VALUE TO Ri 

BC siege, R1 - a a s 

AD R. R. -w------ --- 

RES P. SPAY 
JMP RESTR - - - - -- 

FS SR Ra SAER ; cALL MFST HAGH. FPoS) 
EAP R FRAGPS REG TO R2 

O R. R. ALS R - --------- war y 
v- - - ---------- AS . . Re -- 

BC 17777e, Re As OUT MAGN 
O9 ESC R. R. G. STORE AG 
CR FSTEP cLEAR TOP BrTE 
MO's FSA3 (Re), F Sir EP STORE FOCUS STEP SIZE 
O'B F.TAB & Rey, FLAST STORE LAST STEPS2E - 

B AAB K Rex R2 AS EN FOR NON-CEN, RA if 
how R2 8A DJ - - M - - - - - - - - - uv - - - - - 

AAS R R2 AUSENTS ARE FOR 63 A e. 
O R2, Ya DJ RELATIVE TO 4e - - - - - - - - 
W 2 R5 

AS - 3. R. ; SHIFT FILTER CODE ... --------- a re 
IC is 777, R w 

R 1, 34 (R5) 
R FPS 

C. L. LED, & OPLED, AGNX DisPAY MAGNIFICATION 
F RESR 

SR jSR , Sy RT SUBROUTINETTSORT THE QUEE 
MOS: i SP, 3 R3 AD R4 P) 1 it to Lo Queue POST IORS 

f ASP, R 4 HE RRE HI RAT i G IS MOW E HERE 
y SP, SR ; : R ALI2E SPREADS REPAIR If G 

S 22 CR R R H S A. R. N. 
v - - - - - to R3, Ri USE R1 ExAINE REMAIN G SPRDS --- 

TSR, RT ------- 

BE SEX BR 1F No SPREADS REMAIN 
SR 39 CPB (Ri ) + , R0. E8A ENE ARAT ING 

BE SQ4e B R F NoT GREATER THAN A3 
OW - (R), R2 STORE HE FAK 

Mo R1, REG SAE R 
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A. NPTAB-2, R) 

83 84 
R 

SR 49. SCB R2, S30 BR F HORE TO Ex AM HE 
DEC NSR 
TST R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BE SQEX SR F A HAVE BEEN SORTE) 
Mov REG.R. w - - - - . . . . 

i. : i , R. ; R2 AWE POSIT ON IN SPR 
SU f SPR, R2 
A Sh 2, R2 
AB) SPQ R2 
MOB R. R. 
How B QR3, e R1 S T CHI RATINGS - - - - - - - - - - - - - - - - - - - - - - - - - - 

B R3 R3) + 
9 R2, R9 ; S T CK X AND Y WALUES 

y 2 R4 R2) - 
us R 3 (R4 r 

NOY R2, R) 
- - - toy R4, & R2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --m -m------- 

MOY R2, (R) + R3 AND R4 ARE UPDATE) 
BR SQ28 GO GET THE NEXT H GHES - - - - 

SEX: CR 2R4 ARC END OF QUEE 
CLRB eR3 ARK END OF RATINGS . . . . . . . . - - - 

P RESTR 
--- - 

AN OR 
FPos, ... (ORD - - - - - - - - - - - - - - - - - - - - - - 

LES: . BYTE 2, 42, 64. 39. , 9 . . . . 63. e. 
F STAB . BYTE 5, 10. , 8.8. 25.8.l.. 1 - - - - - - 
FAB BYTE 1 8. , 5, 2, 2. S. 4, 
X ATA B: ... BYTE 9, 8, 9 S 3 89. , 9 XA FOR 63 AND 1 00 REL YO 4e 
AAB BYTE 3, 2, 2, 9 YA) 

& A DJ . . . . OR - - - - - - - - - - - - - - - - - - - - - - - 

Y A , OR) 
FSTEP, . . to RD - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FAST: , . Rio as 
: OR 3 - ------ 

y OR 
SNED; ORP 9 CO2 EFOR. SPREAD NubER D SPLAY 
SED. . . OR) SCAN GUEE 
A LED. . .90 R2 2 . A HALYSIS QUEUE -- 
OLE) : . ORD 3. CB RN 
HQL ED. . . ORD HARD COPY QUE UE -------- 
KED. . . OR 5 AST KEY 
TEP, ... yoRD 9 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

REG1 . UOR) -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

KB cc 3- AKE ENGTH CONSTANT 
- ED --------- - - - -- - - - - 

TITLE RPARAM READ AND J R T E PARAfE TERS UNER CAS 
. CAL CA 

- - - BUFS 2s S. - - . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

APAS OW G2(RS). PHASE ASSGN KEY PHASE CA. APHASE (N) 
RTS RS 

PAR SR R4 SS WER CA PA RR (NPPAR, PN ) 
- - - - - - - - of -grad Rs; R - - - -p--------------------------------------------- 

OW 4 R5). P2 + 2 PAR LOCATION 
OW scrS), R PNU 
OW R, PREC 

AS R - - - - - - - - - - - - - - - - - - - - - 

AB PA 8-2, R1 
" - - - - - - - - 8W --R-O-R-S-E-R-E-P---------- 

P28 . CR Lt. URITE (PM WB, PREC, ... -. ) RTE THE PARAETER DATASET 
P- - RES FR r - v- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

RP ARA - SR - - R4 SAWER - - - CAt RPARANP, PAR, Pak, PNy 
OW PNU, R 

---------------Rs--- - ---a-m-m-m----------------------------- - 

BEG RP B R F NOT 4. PARAE TERS 
- - - - - - - - NOW- - - - - 9 to (R5), R - - SE - PN hit - FROM - PARAETER Sf- - - - - - - - - - - - - - 
RP) OW R, PREC 

- - AS - Rg) - - - - - 
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-----------0-g-Ree-2-es-SF6.g-P-Per-f-his-Phase------- 
BE RP4) SKIP HE READ F NPs) 

* - CMP- - - - - -R (SCR-5) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
BH RPERR B R F P G T N PAX 
0 - - 4 (R5), RP28- 14 - - - - - - - - - - - - - - - 

O R8 PW8+BFS 2 SET UP O READ NP ORS 
- - - - - - r --A St-Py-Brett-Sz.--------------- - - - - - - - - - - - - - - - - 

RP2a : . CALL REA), K PN'B PREC, INDEX, -. ) REAE THE PARAE TER DS 
RP49 : J P : REST R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

RPERR OW Pye, - (SP) TOO ANY PARAMETERS 
80 - 773 - (SP) - - - - - - - - - - - - - - - - - - - - - - - - - - - m - - - - 

T PRINT F37 

PREC, GRD - 
DEX : . OR - 

ED 

TE S. A - SS AA CAERA RWER 

; CALS WERSION call scanic buiT. FLPEX) 
: THIS WERS OF uses My IO IN Do UBLE BUFFERING 24 
f WERT CA - IHES AT A INE FROM CAMERA To A DISK ATA SET 

; Ihi O N- TERRUPT MODE. 
; : E PIC US IS DIS, OS THE GRAY SCALE 
St. COR. H IST (GRAS ARE GERERATE BAS THE PIXES ARE SCANED. . . . . . . . 
THRES HOLDS ARE FOUND FTER ECH GROUP OF SECTORS AND TYPE) 

; OUT YHILE THE EXT Roy GF SECTORS J S SCANNED E F St 1 IS UP. 
: THE SCAN AREA S WAR IABLE TH A MAIN OF S 2 NES AND 
: 488 SA PLES PER L. E. . . . . . . . . . . . . . . . . . . . . . . . . . . 

----------. GloBL - OPE GET, PUT COSE PARAM, QPRINT PAE PARBUF -- 
. GOB. RFE, SCAN 

. . CAtl . PARA, . EXIT, . CW TET, . CALL, PAUSE - - - - - - - - - - - - - - - - 
PARA 

. NIST BEX . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - 

-- fs 12 ... U-----arra-we-------arm-m-m-m-m-m-r 
CRs 15 

- ... --------Cola 64929. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
STATS 16429 

- - - - - - XREGs 164,922. . . . . . . . . . . . . . . . . . . . . . . . .-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Y REGs 64.24 
- - - -- 2. REGs 1 S4826 - - ----- -- 

XREGs 16 4039 ; : JOYST CK REGISTER 
YJREGS 64.832 Y. O'YSECK REGISTER - . . . . . . . . . . . . . . . . . . . . . 

SCAN : 10 R5, -csP). IS AWE. R.S. - - - - - - - - - - - - - - - - - . . . . . . . . . - - - - - - - - - - - 
MO: 2 (R5), Si () - e. CA. SCAN () NIT, F PEK) STOSE DUN 
M9 4 R5). S. 9t2 STORE CRMS DATA SE, NAE -------- 

2. C A NB IC OF 2, 2 
$ 8: . . CALL AFILE cBUF, . . . . . . . . c. UIC). As S1 GN DEFAULT FILE . 

- CAL D PEN. c BUF SIZE. ONE, ONE, NAMEX OPEN ISK ATA SET 
S 122:. . CAtt. TYPE. K. ZEROX . . . . . . . . . . . . . . . . . . -- - - - - 
T FCI s 499, g EAP) EST F STL FOCUSN 

- - - - - - BEG If C ...... . . . . . BR IF So 
. CR RC REEASE PC TO OPERATOR 

... Cll P as Art (NPAR PAR, PAXX ; READ LABEL . . . . . . . . . . 
5 SOUSCE + 1 2. OWE INFO NO LABE 
OW PA + 4. 

MO S.J., + i. 6. 
-------- *CPR 18. --------...-----------------...------- 

o CPR, +29. 
. Cll 0 UTC0 N. & SOURE. L+8 . , Toy. - - - - - 
. C. N. L. K. PANU + 92. , PAN MX WE PAN INTO LA 3 
MO's 3 PASEX, + 19.3. - 
. CRt. & St N + 1 i 2. , S: My 

r ------------------------------------------------------ BE S 36 BR F NO PARAETERS SE OLD LABE) 
CMP NPAR, 2 - - - - - - - - - - - - - - - - - - - - - - 

BNS S 14 BR F NOT TO PARAMETER ORS 
CP PA, PAR - - 
BNE NOTPg BR F NOT PR N G REQUES 

...C. PRI if g { L-72. SPR, SPQ X 
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JNP S12 
NOTPg. CP - a PAR 

B NE iTA BR F NOT ABOR 
. CRLL A PHASE, ZERO 

P S329 
NOAB CP 2 PAR 

B S 193 ; 38 F NO ZERO O JEE REQUES 
CR NSC 2 ERO SCAN 
. CAL A PHASE ZERO AD APORT THIS SCAN 
JP SEXIT 

S 93. CNF "E, P R 
B NE St 94 -- - - - SCAN IF El AS NOT TYPE I) 

P SEX IT 
S 34. CP DS PA 

B NE S 95 BR IF NOT DU; Y SCAN 
IC DFLA SET OF A G 
R S 3 is 

St 5; . . . . . PARBOf R. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
M -2 R2 ; A D ANOTHER LABEL, ITH MISC D. 

W S9. R3 ; : Ax OF 69 C A R ACTERS IN BE 

cMP Ra, CR - - - - - - - - - - - - - - - - - - - - - 

BE EA 8 8R F END OF ABEL (CR) 
B RecR2t STORE LABEL CHARACTER 

SOB R3, A 
BR S 196 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

EL A3, OWB : 4 ( R2 - PA) REST OF A BE TH BANS 
SOB R3, EAB - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S 1 a SR PC, PPAR PROCESS PARAMETERS 
... CR TC0 c 3CPR, it 127. FOUR) 
. CR-L OTCON, KYCPR, + 1 35. , FORX 
- CALL Y, & L + 124 2:15. Four) -- - 
. CA. W. & L - 132. 2+22 FOUR X 
CALL TYPE. 12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

... CBT 9 - 145. STORE DAE N ABEL 
CYTDT 1 it 155. i STORE TIME IN LABEL 
TST prT 
B8E S 1a8 No OUTPUT LABELF puMMY SCAH 
. CR L P2BE (3F, SPAR, X ; OUTPUT ABE 

S 128 . . CALL D CLEAR - - - - - - - - - - - - - - 
. CR DCE: R CEAR THE GRA SCAE 

St 10: CR LIE LIE8 . . . . . 
NOY St. X NA XCON 
CLR a corp DISABLE PIXEL INTERRUg T 
CR GY CEAR S E CNTER 
how TT AB, TX - - - - - 
MOY BT AB, BX 
JSR PC. The AD TYPE HEADING 
CR SNM SECTOR NUMBER 

SEC PDY LPs, scTr - - . . . . . . . - - - - - - - 

. C. L. 2 A. KST, by 2ERO ISOGSA COUNTS 
EFI (M) SS, if T AL Y 

hy 3, XSE SET L E COUT 
HC is E. . . . It CREET y10 INE COUNT 

TST DFA 
B NE S 1 5 ; B R F DUMMY SCA: - - 
. CAL P} , B F , 8, KEXy PRE PARE STRACE OF NEXT TY LINE 

SS W BUFF, R3 ; N T B F FER PON TER TO B F + S 
F : ) IEX, R) SET POIRTER FOR NEXT LE 

MQ' HIS R4 R4 HAS OC OF HIST . . . . . 
ISPS, SR 3 N T A SAMPLES PER SECR 

OW Y. g. YREC ; SET PIXEL COUNT 
COD R2 A (COPD -STATUS REGISTER) C R2 

OW $3, 8 R2 GET FIRST PIXE OF THIS FE 
TSTB R2 
BP - 2 . . . . . . A IT UNT READY . . . . . . . . . . . 
MW 39. A PS SET PROR Y 6 FOR THE REST OF THE FED 
BR OW3 

SECTOR, how SPS R ; R3s SAMPLES PER SECTOR 
PSE: NOW 3, R2 ; PIXE COAN) 

Jsi B R2 . . . . . . . . . " - M - 

g - 2 , UN IL READ 
) ". '. E. 2 REG, R ; O' E PIX E N TO BUFFER 

B: 3 2E ; B. R F O ZERO 
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C R X COSYERT 9 TO 
OTZE. CP R. 27. 

B:E NOT 127 - B - f. 27- - - - - - - - - - - ---------- 
OW 25 R. CHANGE 27 TC 26 

27 MO's R. R. ; STORE P1 EL IN BUFFER 
B C : i , Ri 
A 3D Rd., R. HIST + P 8EL VALUE e, 2, 4, . . . 62) 

C R NC COUNT FOR THIS WAE 
... ... SUB ... - 2 R8-............ PECREET. POINTER --------------- 

SOB R3, PIXE G R F ORE PXELS IN THIS SECTOR 
AD) 28. R4 STEP H S GAPOTER . . . . . . . . . . . . . . . . . . . . . 

H TEST CHP R4 - S - 24 . . . . ST+NC 28 
9L0 SECTOR B R F ORE SECTORS - - - - - - - - 

-----. Bil- il Y - JTES FOR EYE OR O DE FIELD - 
BCT OFE Bs: IF END OF ODB. F. EID 

EFED. . . CLR gPS RETURN TO PRIORITY - 8 ATED OF FIELD, ... 
NC y SE FOR OD FELD PXES 

BE EFOW BR F FIRST RE 
- - - BIT 19, SR 

BNE EFOW FOR QUICK OK, RTE EW ERY OTHER LIHE 
EFCA is . CALL DLINE, K. . . GY X , NS REP, 2 EROX REPCATE PRE YOUSINE 

NC GY 
EF0 Y: O BUFF, Re . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

BEC R SE BFFER PON TER TO 8 Fw NS-2 
- - - - JP OF i GO GET ODI FEDP SES 

CFEND CR PS RETRN TO PRIORITY AT END OF FED 
. . . 2 R . . . . . . . . . . . . . . . . . . .----...----------------------------------------...------ 

OW R2, FCA is STORE STAR OF CORREN INE 
OY R9, EF CALS N BOTH CALS TO DE . . . . . . - - - - - - 

FCA : . CAL LENE, c. - . . Y. K. NS REP, EROX RTE TO GRAY SCAE 
IC GY--- --- - - --------m---m-a---------------- 

9T at 9 SUR 
BES 5s . . . . . . . . BR (FN). UCK OK 

C GY STEP Y AGAN 
53 IHC X - - - INCREENTX LINE COUNT) - - - - - - - - - - - - - 

DEC SCTR 
-- - - - - BG----0S.------...- ... iBR.If... NOT EN OF. SECTOR - - - ---. 

SR PC, H.RESH CAC HRESHOS FOR THESE SECTORS 
CMP XE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BGE F 35 F. F. She 
J.P SEC ; GO START EXT L NE SECTOR - - - - - - - - 

EFN P EFL 
QTES: ... C. . . .22 E. . . . . . . i IESIFQRE Of...F.C.RE - - - - - - - - - - - 

BT JEF GO START NERT NE OF PELS 
JSR PC THRESH ; CALC THRESH FDR LAST SECTORS 

F. OW ATA, R1 
ST FA 

BN S22 
CPUT: . . . CAL PUT g BUF, ZERO E8) 

OW BUF, R2 
-- AED I HD EX, R2 - - - - - u- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OW NS R3 
NTD. How B (R1) + (R2 + i MOE T DATA TO BUF - - - - - - - - - - - - - 

SOE) R3, To 
. . . . . . . CMP. Ril T DATAt 266. . . . . . . . ------- - - 

90 CPU BR F MORE OF TATA To UTPUT 
S2e2S3ee, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SEXT : . CAL CO SE, BUF 
TSTR5: Mov (SP)+, R5 RESTORE R5 . . . . 
RTS RS R5 REN TO SUP FRWSOR 

PPAR. . CL YPE 413, 2EROX SR PC, PPAR 
. C. PASA, KPAR, PAR PAX 
OW PAR. R. 

-' ". . . . . .--...------- - - - - - - ----------------- 
CR C 

P ST NPRR 
BT 5 ; B R F ORE PARATERS 

P P 5 - 
P 5. My R - R) R3 = PARAE TER BR) 
- - - - - - ?---- - - - - -...-------------------------------------- 

NOW KEY, R3 
P2 CP R. KR3) 
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SEG PS 8R F PARAMETER EC KEY ORD 
SOB R2, P2e BR IF NDRE ICEY UORDS . . . . . . 
CP NPAR, 4 NOT A KEY ORD, MAYBE AREA S SPECIFIE) 

. . . . . . BGE P39 BR. If 4 ORDS LEFT -- --- --- - 
P25 . CA TYPE 4 PAS AETER ERROR 

BR PPAR - - - - - - - - - - - - - - - - - - - - 

P30 CNP R, AXN 
BGE P25. B R F SL TOOLARGE - - - - - - - 
NOW R. S. 

--- BL P25 BR F STOO SALL -- 
OW (R) + r.) i E. 

- BLE P25 8R FE TO SAL - - 
CP Re, AXN 
BGT P25 BR IF El Too LARGE . . . . . . . . . - - 
OW R. E. 

- - - SB ... Sli R. ------- ----- -- ----- 
BE P25 BR F N TO O SALL 
how Re. h - E. S. . . . . . . . .----------- - - - - - - - - - - - 
OY cRX - RG) SS 

BLT P25 - - - SR 1 F SS TOO SAL 
CP R3, ANS 

-...-.... PGE ---P2S.-. ...... iBR f-SS T00. LaRGE.--------------- 
BC R3 ; MAKE SS EVEN 
MOY Re. SS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OW {R} + R ES 
BC R3 ES ST BE EVEH. . . . . . . . . . . . . . . 
BE P25 BR F ES (O SAL 

LCP. R. AkNS --- M---------------- - - 
BG P25 BR F ES AGE 
SB SS, Ra ; HSs. ES-SS - - - 
BLE P25 BR F NS TO SAL 
Moy Ra, is 

W 52. R3 
-- CLR R2 

W R3, R2 
How R2. HiR HLRs 512 HS 
AD) 3UF R8 
DEC R t 
OW R0, BFF BFF a BUF (NS 

- - - S8 4, NPAR NPA Red PAR-4 - -------- ----- ---------- 

BR P 
P5 TST (Ri ) + STEP OVER SECO HD ORD - - 

A)) 8 NK+ K-2, R3 LOC FOR THIS KEYOR) 
NOY a R3, PC G THERE 

P 6 OW (R1) . BPER 
--- Y - 19. BPER . . . . . . . . . . . . . - - - - - - - - - - - - - ------ 

S8 )PES, BPER 39ER 99 - PER 
PS3 SB 3, NPAR HPAR rh PAR-3 - 

9 R PO 
Pe. MOY 9 R1, DBEG BBEG - - - - - - - - 

OW (R1) + BKSZ 
ASR eks 12 - - - - - - - 

E. ESS ; SKS I's DBE, a 2-1 
0'. 52. . ) TSZ 
S3 BKS 2 SE 2 ; S 2: S2 - BS 2 
R PS3 

Pe. O R ) - 5 N 
BR P63 - - - - - - - - - - - - - - - - - - - - - - - - - --------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PS 9 NOW R ) + NC NC 
BR P63 

P. 35. NC Fs Q J CK OK (E SCANN) 
S3 : 2 iP:S 
SR Pie 

P 32 : 0' . . . . Y. JPEG, PA Rt 4 JOY S.I.C.K. . . . . . . . . . . . . . . . . . . . . . 
XREG, PA STORE S AND SS 

BC 177986 PAR -- - - - - - - - - - - - - 

. CR PE 15, 2EOX REES WE OER. R. GHT 

. CRLL PARAM, KHPAR, PAR, NPHAXX . . . . . . . . - - - - - - - - - - - - - - - - - - 

HOW YREG, JP AR 6 STORE ES 
------ OY KJREG, JPAR 2 E. ---- --- 

RC 779, PA-2 
roy JPAR, R1 - - - - 

Oy cR ) - R. 
Mov 4 NPA 
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Up P3) G. PROCESS AREA PARAETERS 

f 159. TST R ; DE H PARAEERS 
BGT P 6 - - - - - BRF HR ASA PARAMETER - - - - - - - - - 
O R3 

ADB 32. Re . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AS -S R 
8T P 55 BR. If L G 31 
INC R NRs 

P 155. Now Ra, NR Rs N-t?) M64 . . . . . . . . . . . . . . . . . . 
P 6 TS NC 

BG T P 17e ; BR F NC WAS A PARAMETER . . . . . . . . . . 
O NS R 

AD 32. R 9 -- ----------- 
ASH -6, R 
BGT P 55 BRF. NS 31 . . . . . . . . .---------- 
INC R Cas 

P 65. . . MOW R2, NC - - - - Cs (NS+32) / S4 . . . . . . . . . . . . . . . 
P 70 OW N, R1 
... . . ...A. --------------------- 

DEC R 
C.R. R. . . . . . . . . . . . - - - - 
BW NR Re 
NC R 

8 IC R3 AKE PS EVEN 
---....... --R, lis . . . . . . . iPSs (Nith R- i) MHR . . . . . . . . . . . . . . . . 

OW NS R a 

CR - Re - - - - - - - - - - - - - - - - - - - - - - - 

D NC, R2 
BC i, see MAKE IT EVEN - 

R2, SPS2 SPS2 NSW NC SPS FOR 2 FES 
---------------R------------------------ - - - - -m-- - ----------------- 

. . . . . MOW C, R1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

EC R1 
NUL SPS, R1 - v . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - 

OW NS R 

SUB R. R. ISPS R NSM 2- (HC - 1) SPS 
MOY Re, ISPs - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Dy NC, R, 
ASH 7, R1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ADB HIST. R. HST - Co 28 
KOW R H TES-2 
SS 38. S. 
NOW Ri, T) 5+2 
RTS PC 

POW SG+3. T50+ 1 a 
OW iSG+ 6, S4 to 

5. OW S + 39 S. + ... - . , 8. ; H S + C - ) 28 
13 SR PC, SPOOH 

... S. ... PC TSUB . . . . ; F I RD BACK AND OATA - - - - - - - - - - - - - 
OW DPE, R 

BATA, Ri - - . . . . . . . . . . . . . . - - , , - - - - - - - - - - - - - - - - - - 

OW BPER, R3 
U BACK, R3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AB R3, Ri 
Abb S. R. -------- 
cLR ------ 
Div 199. R. I THRs (DPERDATA 1 ee-DPER) BACK+59) / leg 
NOy DATA. R. -- 
SUB BACK, R1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CP Ris. CHECK FOR SADFFERENCE BETEEND AND B 
BGT 29 BR F OK --- -rr - - - - - - 

OW BKS, RT THRs 3G/2 KNWE NCES) 
T2e. TST para - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

BGT T3 - 

OY 127. Re I THRs 127 IF No PATA IN SECTOR . . . . . . . . - - - - - - - - 
T3 TST BAcc 

BGT 4 BR If BACK OK -- - -- 
CP 3.x, BT AB SEE IF FIRST SECTOR 
BEQ T4 e - - - - - - - - - - - - - - - - - - - - - - - - - - 

THRESH 
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MO BK. R. USE BACK FRO PREW 3 S SECTOR 
NOW r (R), BACK 

4 R. 9 TK 
- - - OV R9, IT HR - - - - - - - - - - - - - - - 

TS ATA 
BG T45 - - - - - - 

CR I THR Rise F NO DATA 
T45 OW EACK, RBX STORE IN TT AB AM D B TA8 

A) 2, TX 
AD. . . . 21.Bx ICREMENT POINTERS - ----- 

S. . CAL OUTC0 & T H R ... - . , FORX 
ADD is 7, T5 e4 a 

S. - CAL OTCON 49A C K . - . , RE EX 
A 7, T63 + 1 
S9 28. R4 
CP F4i ST . . . . . . . . . . . . . . . . . . . . 
SIS 18 BS F ORE HISTOGRAS TO AAYZE 
S9 S, 69 + 2 
CRB 28 

C SU 
. C. L. Of CO, SU, 942, THREE X 

--...- P -- C St. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DEC SNU 
i0Y 8 - Ma+3 - - - 
. CA OUTCON (SNU, 9 + S, TOX 
B 2, SR - - 

BEG 78 B R F S 1 DON 
... . . . Clt ... PE. . . . . . . . . . . .----. --...-------...- . - 

RTS PC 
i. 

THEAD. Mow NC, R, JSR PC. THEAD SETUP HC HEADINGS 
- - - roy esc. R2. - - - - -- - - 

; : H) & SHE), R3 
O'. 7, R4 

23, OWB (R) + c R2) + 
SO 3 Rai, TH2 OYE A SEC T OR HEADING TO SG 
SO3 R. T. ; BR F ORE SECORS 
CRB AR2 - -- a-- - - - - - 

MO 6, R4 
MO ), R2 

F34 AD, R3, ; F is a -EANG 
TH 33 rB (N3) + (R2) + 

SS R 4, 39 
8 2, 9 SR - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - ---------------- - - - - - 

BER TH7 a 8R F St ON 
. C. L. TYPE 9 

H79. RTS PC 

SODTH NOW Rd - (SP) JSR PC, SOOTH SAVE R4 
--...- 0. H St. 2 R3. -- - - - - - - - - 

OW is S2, R2 
S123; 0 (8- ) + R3 ; H IS (I) = HST ( - ) +H S ( ) - HIST CI+1} . . . . 

A0) R4 R. 
A BE 2 (R 4), Re - 
OW R (R3) - 

SOB R2S23 -- - - - - - 

(SP) + R4 
RTS FC - - - - - - - - - - - - - - - 

JSR PC, TSUB - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SUB OW H S R Rex BACKs (S1 
v -- w or 9. R. R is Akis 8 - M -- - - - ----- 

NOW BKS 2, R2 BACK RANGE IS NONAY 2 as 49 
OW H S + 2 R3 

S 43. CMP R (R 33 + 
BE TS-5 ; 33 I F MAX GE H S ( . ) 
OW - (R3), R. AK as H S ( ) 

. . . . O' R3Ra . . . . . R95 H St. . . . . . . - - - -- 
TS c R33 + 

TS 4.5 SB R2, TS 4.2 ; BR F MORE TO SEARCH 
SS H S R 

W R, BACc STORE BACK 

3 HIS, R2 
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CW 4, R1 
Oy DTS 2, R2 ; : ATA RANGE IS NONALLY FROM 59-i 24 

S52 CP Ri (R3) + 
se SS i er IF PAX G E H IS ( ) - 
CP - 283), - 4 ( R3) DOC F OSR REAT VE MAX UP CN LEFT S DE 

----...- ...B. ... TSS. -----...--...--i B if...9T.----...------...... ...----------...- 
Oy - R3) Ri 

40' R3, R8 Ra Sri 
TST R3) 

TSSa: SOB R2, TS5a 
SUS S, R 

- - - - - _0, ...----R8RTA. ... --...- STORF DATA ----------...- - - - - - 
RTS PC 

--- - 

AXIS 2. 
- AXNSs 482. - - -- - - - - --- ---- - - - - 

Nicas 
KEY. . ASCII DP08 NRHCG J M . . . - 

... O R P 69, P9, P8, PS, P9s, Pie 
S; .0RD e. STARTNG NE 
E ORD Sas El N. E. 
SS . WoRD e STARTING SAMPLE 
) SEG 4) R S 3. AA BE 
SPS OR 3 a. SAMPLES PER SECTOR OF A FIELD 
SPS OR 3. A SPS 

8 KSI 2: . ORD 24. BEG /2- 
BTS 2: . ORD 38. 62- BKS 2 
S ZE, . GORD 12288. SIZE OF EACH 24 NE BUFFER . . . . . . . . . . . 
S C TR ORD -. 

OR 512 HIST DIMENS ON S12 UORDS) 
SPACE . . ORD 42 
EJ . . ) R ). As 
U C: ... WORD 2 EFAULT IC IS 2, 2 
SYTY; . ORD 78. - - ---- -- - 
2ER). . ORD 9 
ONE . ORD CONSTANT - - - - - - - u -- - - - 

TO . LORD 2 
THREE: . ORD 3 - - - - - - - 
FOUR . U0R 4 

if I WE t . ORD 5 -- --- -------- - - ---- 
X: OR - -- 

Y OR - - - - - - - - - - - , , - - 

INE : . ORD - LINE NUMBER TO PT SUBROUTINE 
GF LAG: . ORD e - FLAG FOR Quick Look cuh ILE scAHNING) . 
D FLAG, .0R e FA C F OR BY SCAN 
hDEX: . ORD 56. 4- - - REL BUFR ADDR FROM PUT --- 
PART. ORD - 

JPAR BLK 4 Joystick PaRAMETERs - - - - - - - - - - - - - 

PAR BLK 88. 
HPAX: . ORD 8e. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
SPAR. - - - - - - - - - - - - - - - - - - - - - - - - - - 

OR 498. NES ----- --- 
S. . UC RD 472. SAPES 
- - - ORD 7 - BPE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NR ... O RD 1 NR 
- . . . . . ORD 512. i SLKSIZ 
ST . B. K. 52. 8 64 OR HS OGRAS 

... IS: ... BLK 64. --- S100 THED HISTOGRA --- - - -------- - - - - 
TATA, 
NR, ORD ROS OF SECTORs 

C. Rib an COLUNS OF SECTORS 
PS ... 0 RD 63. LINES PER SECTOR 

SPS2 . 9 RD 68. ; S4MPLES PER SEC OR 
... IIAB : ... B.K. 64. . . . . . . . . - --- - - - -- w - num- - - - - - - - 

9 TAS 9 K. 64. 
D PER CR 5. DATA PERCENT - 
PER OR 48. ; BA cK PSR CENT 

TX; O) TA3+ . . . 
SR 08) 8 TAB+ - 
8 ACK to SD .-- -- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AA OR) - 
I THR OR - 
SU ORD - SEC OR NUMBER 

f : R --- 
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: ... R. 
REPt: . . . GRD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - 

... Bi KB 8. 
PSG site -6 - 

: BKB 32. 
. BYTE 350,365, 368 360 Y ICAR NL 500 IN EBCDIC - 
BYTE 369, 364, 367, 364 WCAR HS 474. IN EBCDIC 

. . . . . . . BYTE 901 323, 199361. ICAR FOR AT H. EBCDIC . . . . . . . 
BLKB 26. 

. ASCII MSC / - - - - - - 

. ASCII M SOURCE - PAf IEHT or pv p + y in so 
ASCII a a a Yus ACM 

. ASCII M h- the - 8 . . . . . . . . . M - - 

. REPT 4. a- - - - --- - 

A. i 
EDS 

. ASCII : ACM 
REP 7 
ASC M SCAN 
EDR -- - - - - . . . . . . . ...-----, ---------,--- - - - - - - - - - - - - - - - - - - - - - 

ASCII MAC/ 
SEPT 7 
ASC I a a T2 D 

. i ij 

. ASCII MAM P 
SKB 52. --- - , , , , . . . . . .- ... ---. ...r-m- r--ar-- wor-in-lu. ----- -----y" " 

BUF BKB 24,659. TO 24 NE UFFERS - WB 
9 FF SD BUF + 4 + - 5 Bft S. . . . . . . . . . . . . . . . . . . . . . . . . . . ----------- - - - - 
A: . ASC MSCNM PCT URE FIE DES GNATOR TO WO 

SEAD. . ASCII M S - SBM - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FHEA). ASCII a SEC Sw 
... --...--&SC 2 - M. El ER SCAD - M - - - - - --- 

2. . ASC 2 SCAN N A K as a M 
t3: . . . A3 C2 / ENTER PARAMETERS (S, EL, SSES) / . . . . . . . . . . . . . . . . . . . 
4 . ASC 2 M PARAE TER ERRORa cFX (FX 
S. . ASCI2 M MOYE JOYST CK TO J2/ . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - 

, EY EN 
END SCA N.-- 

c in 9 ARY PICTURE GENERATOR a 
SUBROUTINE BI NARY (BUNIT, FIPEX) 

- - - - - BYTE-F PEx (9 y - - - - - - - - - - - - - - - - - 
PICT INTEGER A-2) 
COMONMC MNR, NC, PS, SPS, TTA (64), BT AB (S4), PER 
CONMC 1 MS, SSO, O, SD, NO3, B, a 3 
CON/CAREA, KARE SEP, EP, ASEN N TON, ISU 
COONaC O.B. c. 428), P C ( 2344), PEF (512) 
INTEGERPARc29, EY (5), SPAR (SCTAS 3g, NTAB (33 
BYTE PC, PSG c 22, PBUF 
DATA - N KEYMesa - - - - - - - - - - - - - - - 
ATA KEY. 'BP' , " ' , "A" EP', 'E', 'Sk" w 
CAE SST CH 64, S4) - - - - - - - - - . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IF ( ISU 4. E. 1) CAL TER 
----------e Att-SS feet St 

Fc S.E. 1) CALL TYPE BINARY " ) 
- CA - RPA St PARPA 2) - - - - - - - - - - - - - - - - - - - - 

C N PAR I. BE ZERO THE FIRST TE BINARY S RUN ON A SPREAD 
- - - - - - F (PAR. E.g. 8) - CA - PE ( - SART-G - ANAYSS. - O - - - - - - - - - - - - - - - - - - 

CAL AFLEC PC, UK, FTPE 2.2) 
------e-Peep he G44-g--Sea ------- 

CAL ASE (PC, SPAR NDS) 
- - - - - - - - - - F (NPAR-Ege) CAt YPE-e Piec-Est -73), 64- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

DEFAULT PAREERS 
- - - - - - - - - B s--3- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

MAXIOB is 85 
--------- NARA-a-32- --------------------------, ------- ------ 

KAREA = 20 
EPT- ar. - 8 - - 
XEPT is 2 gig 
S0 - - - - - - - - - - - - - - - - - 

AKER s 99 
- - - - - - - - - - - - - - - - -SS6 -ar-i- -- - - - - - - ----- - - - - - --- - - m----- --- - - - - - - - -----------, ----------------- - - - - - - - - - - - - ------- 
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RO is SPA ) 
NSO a Ng). SPA R (2), St - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -u 

CAt GE (PC, NO+, ) 
- " - - - - - - CAL PC c + 1) is 33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
- - - - ------CAtt-RPRA PR, PA 29-y----------------------- 

is -2 
is + - - - - , , - 

2 s + 2 
- - IF ( . T. PAR) GO 29 

O S K = , ca. 
- - - - - - - F PR-ch iE. Ertk-Garo-s------------------------------------------- 

GOTO (2, 2, 3, 4, 5, S. K. 
5 cot:3; Hug: . . . " ' ". . . . . . s' '. . . . . . . . . . . . . . - 
C : - - 

C PARAMa TR E3RR - 
PASE 

-------- or 2- - - - - - - - - - - - - - - 
2 TOSN as PAR + 2) W 

- - GO - - 

3 e + 2 
- - - - NAREA us PARcs 

XAREA as PAR c + ) 
GOTO 2. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

4 is + 2 
- - - - - - - NEPT is PAs ( ) 

REP in PAR (I + 1) 
- - GOTO 2 - - - - - - - -- . . . . . . - - - - - - - - 

15 Axl EN - PAR c +2) - - - - - - - -a-a--a - W -- - - -- " - 

6 B a PARC +2) 
COTO i 

2 CONNE 
F ( St 4. Ea. i ). CAt ER 

B is c + 1) a 2 
SPS2" a CSPS+ SA2 
SAPS is NO - (R - , ) (Ps 
N i = N S M 32 + 
if s (SO-3 ) M32 
N a NUT 6 

C is Bisa R Y PicTURE AREA ( or D is Assure TO BE ZERo NIT ALLY 
C TT N s );23 OF JORDS OUTTPERTLINE --- - - - - 

a NUMBER OF ORBS N PER NE 
S s 9 - - 

C - - - - - - - - - - - - 

- . . . CAB30) UN TABLE (CNTA is COUMN INDEX, FOR OR) 
C NTA B (30) a NER OF SAPPLES OF ORD ELONGING TO THE ------ 

--- m- CRRENTCO ------------ 

D0 58 Ny -- - - - - - - - 

r: CTA scu - C - - - - - - - - - - - -r r 
RB26's . . . . . . . . . . . . . . . . . . t 

IF (c. EQ (- ) coro Sa ". . . . -- - - - - 

-------- ----- 
IFK S. T. SPS2) GO TO Se 

------.S. S. SPS2- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NTA ( ) se 5 - S 

S. CONT NE 
- - - - If c 1 S. E. 1) CR L TER -- - 
C 

S = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

= N. 
REC is - - - - 

IS s. PS 
--------- . - - - - - - - - - - - - -------------------------- - --- 

0 33 RE 1 NR 
- FcR. E. G. NR). LPS is SAMPS . . . . . . . . . . . . . . . . . . . . . . . 

C 
Bo 290 is: 2. ILPs, 2 -- - - - - - - - - - - - - - - - - -- - - - 

CA GET cFC, RE, P E X 
-- - - - REC is e -------- --------------------------------------- 

CALMWyc Picc P 5, PBUF, 
CALL GET (P. C. e., PI) 
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S is 
C F ( St. E. 1) C. ER v 
C 

I FC T OB. G.E. (e) GOTO 253 - - - - - - - - - - - - ------ - - - - - - - - - - - 

DO 232 = , it 
- - - - - CALL Q THR (PBL F (s), ORD ( U + v ), TT AB (CTAB ( ) +8), P C (P + S), HT AB (9) ) 
233 St S + 32 
C F K. S. E. CALL S R - . . - - - - - - 

GOT ( 299 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -m----- 

25 CONE 
Do 28 e g = 1, yT - - - - - - - - - v- - - - - - - - - - - - - - - - - - - 

- - CAL STAR (PBUF (S), OR D c + i), TT RB (CAB ( ) +S, ), PC (P + S N T AB () ) 
28a s = S + 32 - - - - - - - - - - 

29 + 
C 
T 3d S is S-C 
C 

F & N PAR. EQ e) CA TYPE ( '9' ) 
PAR ( , ) is 'L' 
PAR c 3) is 99 
CAL PARA (3 PAR 2) 

C R T E PARAEERS CASE OF RERUN 
CAL CLOSE (PC) 
F I S. E. CA ER 

CA SEC NT 
FK IS 4. E. i.) A TER 

E) 

S3 FINE SEG 
ill-IC-I-T-- TE GER (R - Z - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CONM C M SPAR 32), SO SSO, N, O, SO OB, B, MANO8 
CON/C N ARE AREA NPER PERF, AXEN. N. B. S. 
C. C 1 - O R. c 1 S), N, PER, ' , Xi N, MAX, XMAX 
C 1 i? . . / 1 R & 2, .. 2 is & 23 I & E; 43. 4.) 
C Olt)./C 1 M Rik L. F. K S )), S P & S9 ), F 

- Eter-PA R (5- - - - - - - - - - - - - - - - ---------------------------- - - - - - - - - - - - - - - - - - - - - 
B E AS E. 52), F & S), H E (4) 
DATA PAR/5 2, 24, 7, 5 2/ - - - - - - 

DATA ABE / ? 8 ' ', 'S', 'C', " " , " A 36 M 
A. A. As a 1922, Dr Ca2a. - - - - - - - - - - - - - - - 

C T HS EDGE POINT DIRECORY CONT ANS THE FLONG FOR EAH OBJECT 
----C-------R (h)-r-EBl- First-Blok - RTTE---------------- 

C D R ( ) + i ) = N (HUBER OF END PONS) 
C R () -2 = 3 - - - 

C R (B E +3) is ki 
C. . . . . ... BSE - 4 ) is YAS - - - - - - - - - . ... - - 

C D R C 4-5 ) = x. As 
...--C HE EDGE P T S ARE GROUPE - 3 CD OR NATE PARS REPRESENT SE ENS - - - - - - - 

C EDGE (E) = '' E E (E+ 
C EBGE ce. 2) = E BECE +33 - e X2 - - - - - - - - - - - - - - - - - - - - - - 

CA e HITE 4) 
- F. E. ). CAL RPRA P, NK 22, s ) . . . . . . . . . . . . . 
C READ OLD WAE F F 

-------------- K -- ----------------------- - - - 

R REM 4 
A. s. S. EAM 4 - - - 

SEPT = f; P - 2 
KEP is tip ER '2 

E. s. Ef 2 
- - - - - --- C All-SS. Ch (- - Slii - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FC St. E . . . ) All TPE SEGNT 
C. L. SSE i C ( 4 S 4 ) 
IF (S. 4. ESR. 3 C - R T C SEG T ) 
C - 2 A & B if 3 
C 2 R. S. 3) 

- - - - - - CR-L 21,4-8-3b is - 3.2 - - - - - - - - - - - - - - - - - - - ------ - - - - - - - ---------- 
CALL W K S) Fe, LA 32 c 3), 93 
F & 3. . . . . . . ) 1 a - 

CA - A E (E3), , 'I S S 
CL PEf & ER, 24, , 1 12 
C - FE: ; ; ; , P: , . . . . . 
C RL. PUF.C. F. S. 4).). ---...- ... - - - - - - - - - - - - - . . . . . . . . - - - - - 
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CO RS 
C - - - - - ... . . . . s i Usage R. O. F. GRB3 - 0--A-B- NARf . E 

REC = 3 
4 E. 2 

2 = N is 2 
-...----...... - R.L. 42-...----------------------------- - - - - - - - - - - - - - - - - - - --" 

S as MS M2 
. . . . . NOB. s. U 3ER... F, 0.8JECTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

is ORD EX E - END ING ORD DEX 
E. R. E.D.C. .NE -. D. a. ERECORY NEX---- 
B a B T DE; ca e i , 2, . . . 3 ) 

- 

--------E-R -- --- - - - - - - - - - - - - - ------ - - - - -- - - - - 

e 
.N.O. - c. - - - - - - - - - - -- - 

SC BN ARY PICT RE (ORD) NE-BY-L-E 

O 29 a NL 
E + 1 . 

E. : E + F 
LGO p 2: 9 

ThE ROACH U SCAN LINE FOR OBJECTS (ONErie T S ) 

... . . 44.1 F (RCACH (I B . ORD, E is SK). ERB) . Of D 292-...--... . . . . . . ... ----. 
P = LOOP + 1 
F & LOOP. E. 2933 PASE 1. 
EGE ( ) - w 

EGS 2) is - CEA - - ) is . B. 
CAL RE ( EE, Orcs, ASK. 2) 

--- - - ... - Fick. E9-3). CD - 2. M-- - - - - - - - - - - - - - - - - - - 

R2 = 2; 
FC NE. E. B. OT-4------...- . . . . . . . . . . . . . . . . . . . . . - - - - - 
CA. IST cos, H, N, NYAX) 

C CALL PPK EDGE EDGE (N2) - . . . . . . . . . . . . . . . . . . . . . 
4 CNT NE 

------ F (i. GE 255). Gill 12- ----------- - - 
CAL SOR IN EDGE. R. SN) 
F (08. E2. TOS NX CALPUPP (EBGEEGE (2)-1) -- . . . . . . 
FCS ND. E.g. ) GO TO 45 

2 . . . . .I.E.N.L.E. AXN). GCIO - 43 ------------------- - - - - - - - - - - - ... . . . . . . . . . . . . . . . 
CALL TYPE ( ' TOO ANY EDGES ' ) 

GTO 282 
143 - CNE --------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F ( ; S. E.g. ) CA, YPE ( SORT ) 
- ... . . . F. S.4. EQ. - CALL-STER --------------. - - - - - - - - - - - - - - - 

CAL SORT (EDGE, N) 
- - - - - - IF (I Still E-1 ) CAL-TIER - 

C N = NUBER OF EE PNS 
4 5 - - - CAL ERASE ORD, EDGE-AREA 2. htt).---. ---------------- . . . . . . . . . . . . . 

F K H. L. T. M. NEPT . OR. K. GT. KEPT) O TO 96 
. . . . . . . If (ARE ALT. NAR. OR AREA GT RAR) . GOTO SS. -----... 

F & AX-PIN. E. XLEN. R. XRX-X N. G.E. REN) GOTO 9S 
C - --- ---m--------- 

C ENER BJECT N TO RECTRY 
F & NK.-E. 62, OR. T. C.E.9)--GO. O. 2S---. . . . .-----...- ... ---- 

NK=NK+ 
. . P clic ) is EDGE & 1x + EBGE c. 9- - - - - - - - - - - - - - - - --...-----------. . . . . . . . . . . . . . . . . . . . 
SP (NK) a EDGE (2) + EBE (2) 

..C. STORE NOB. RFORMA I. O FOR QUICK (PT GN-- 
Y test E. c. 1) 
is 4 - EGE (2-4 . . . . . . - - - - - - - - - - - , , 

F X. T. 5 
C RIT A H ASRO . BY HE DeJECT - - - - - - - - 

CALL ) E KH TE, , , , , , 9) 
- - - - - - CALL THE HE.Y.8-8, 18) ------...--------------...------- 

CAL SST CH ( S, ISS) 
IF (ISS EQ ) GO TO 75 . . . . . . . 
CALL I HE TE - 4 + 8, 2, 8) 
CAL ) the TE, Y - 4, 8-8, 2, , ) 
CAL DIE ( di TE Y-2, X+ 8, 2, 9) 

...-CAll-El IFE liki i TEYs 2, Xt. 2, ...) -- - - - - - 
CALL LINE ( U TE, Y+2, X+ i , 2, , ) 
CALL LIHE HITE. Y.1-2, X-12, 19) . . . . . 
CAL DIE ( TE, f+ 4, X+ 8, 2, , , e.) 
CAL DIE ( Hi TE Y-4, K-8.2.1. 8) . . . . . . . -- - - 
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75 C UE 
-------IRKI) - . REC------------------------------------ 

R () + ) = N 
Rc2 . r. RX2 (re). - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

R () +3) As (X-8, 1 
IR c + 4 to 19 YAX+B is . . . . . . . - - - - - - - - - - - - . . . . . . . . . - - - - - - - - - - 

D R C +5) as (XAX+B, S ) 
Oa - ) . . . . . . . . . . . . . . 
I - I - E. 
F & OE. Axin B G TC 22 

C 
F 3 N. . . . GOTO a 

C DON'T R T E F C K COU P TO 
- B0. 1 S5 - S - 2.52 v. - - - - - - - - - - - - - - - - - - - - - - ---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - 

CAL RE EBUF SEC, E E ( ) 
35 RSC is REC 

) 3 
C 
35 CAL SST CH 4, S.4. ) 

- - - - - - iF & S-------)-... GOTO -- 4-3--- ------- - - - - - - - - - --------- - 

CALL QPR T ( ' )3JECT RE JECTED ) 
CA. . . . . i S-T ( ) B N AREA, Y, -N-)- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA. IST (YR-IN XAX-X N, KAR XEPT EN) 

- C. : 4) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

---20-----A-R-A-d-hill ---- 
C 

. . .2. -- NOB. NB- . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F Tosh. T. as GOTO 22) 
FC D. G. -1) - CAL – R.T.E & EBUF - BREC BR). -- - - - - - - - - - - - - - - - - - - - - - - . . . . -- - - - - - - - - - - 

CAL RE (EBUF, 1, SPAR) 
----CAll-CLOSE (EBUE -------- 

229 F (NOB. G. 9) GO 289 
-- C - F - ) . OBECS-F0)-. TYPE. SC - AN-CAL --------------------...-------. . . . . ---------------...-- 

CALL TYPE ( ' NO OBJECTS FOUND CHECK THRESHOLS ) 
- - - - - - - - - CA-YPEC) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL APASE 7) 
--2ai - CT. E.--------- 

F TOB N. G.E. e.) RE 7 (RN 
CAL - c. - NC = 9, ' , s ) . . . . . . . . . . . . . . . . . . . . . . . . ---. - . . . . . . . . . . . . . . . . . . -- . . . . . . . . . 
CA OTC cK, ces), 2) 
CA. P. E.g. s.) . . . . . - - - - - - - r - - - - - - - m r - - - - - - - - - - - - - - - - w v - V - - - - - - - - am - - - - - - - - 

CA PARA (22 NK, S) 
-----------CAll-APHASE (2)------------ - 

C RE B PAREERS RN CA. N. 
... E . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SBROUTINE SKRT 
PICT INTEGER (A-2) 
COON/ciasPR (33). So, SSO, No, NSO, NOB. B., PER 
COMMON /ci/Di R (S12), SDR (512) - - - w - 
C CON/ C /EBUF S S), EE 1924), SEB css), SEG K892 
CJ11 ji C issu; F (93e), E S K S 
NTEGES PAR (5 

BYTE EBUF SEGB . . . . . . . . . 
DATA AXS BM 932 M, RKB, M51 M S M M B / M 
DATA DRE CM2/. I DREC 27 

THE SEGHENT DIRECT oRY coh TAIKS THE FOLLOUING For EACH OBJECT . 
- - SDR ( ) is BS KBENNING SEEN NEX) 

SDR (B + 1) a ES (EHE ING SEG ENT INDEX) ---------------- --- 
---s - 

SDR ( ) -- 3) a Ni 
S R ( ) is YA 
SDR () --S) as XAX 

THE SEG ENT S ARES REAS fffs. ES 
SEGS) is Y - ----------- 

------- sess X 
C SEG (S-2) is 2 

HE ROB RECRY CONTAt NS f FOLLONG FREACH OBJEC 
C D R C ) a BACKRON - - - - - - - - w - - - - - - - - - - - - - - - - - 

- - - - - - - - - DRC - e RESO) - 

C DIR (D1+2 s Y MIN 
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Rc3 is x 

DR (D1+4) = YEA8 
IR () +5 a XAX 

CALL SSU TCH (1 ISyi ) - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - 

IF (I St. Eg. 1) CRL. TYPE ( SKRT) 
CA AFE (EBUF, , 'PC S S) 
CA. OPE (EBUF, 924, 2, 3, W2 
CALL AFILE (SECB, 5, 'PC 5,5) 
CAL OPER (SEGB, 82, e, , 'WS) 
CALL GLABEL (EBUF PARIND) 
CALL HWL & SEG ENT FILE, EBU FC IND+73), it 3) 
CAL PABE (SES PAR, ESF KND - ) ) orm-m-m-m-m-n - - - - - 
CST SEGB, , INT r ---------- 

C GET SHAL PARAMs 
CAL READ (EBF 1 N. SPAR) 
D PER = SPAR ( 33 - 5 
0 REC = 2 ( 3+3.4 S M 85) + 2 
CAL RI E (SEGB, is lo 

- 

A. 

s 

it. - No 72 
RS = HSO/2 

B2 a 2 k + 1 
Slic = MAXsb e2 
AX SS is SNC: 82 

- S = SEEN E8 
is I = SEGMENT BUFFER - DEx 

DO 280 OBHs 1, NOB 
F & D. E. 1) G) 32 
CAL READ (EBF, DREC, D, DIR) 

REC a DREC T 
- - - - CAL W KDR, So R, 52) 
39 REC = R D ) - - 

N is R. 
Si R (DI ) is S 
CALL INTERP (DI ) m '- -- Y -- - - - - - - - ... . . . . . . . . . . . . . . . . . . . - - - - - 

it i. 2 is 
HREC is ( FEMD 5 1 ) / 52 - 

D0 32 c 1, NREC - - - - 

CA READ (EBUF REC, NO, EDE 
I REC = IPEC + 1 . . 
Elk s I Ngc NEND, 512 

C ADD ORIZOA SK R O SEENTS 
.43 Esc 2, E - 

EDSE (E) = MAX) (EDGE (E)-B. ) 
49 El E (E + 2 ) = N9 (EDGE (E2) + B, KS) 

F ( L. N. E. GO TO 69 
Y 0 = EDGE (1) . . . . . . . . . . . . - - - , -- - - -. . . . . . . . . . - - - - - - - - - - - - - - - ' ' ' ' ' 

'Y BAR = Y - B 
C USEF I RST SECMENT END Po1 N T PAR TO (NITIA (2E, SBUF . . . . 

X = EDGE (2) 
------ 82 EDGE (42-...-- - 

S a 
t b0 S9 is 1, B2 . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - 

SBUF ( S) is xi 
SBUF (SI+ 1) a x2 . . . . . . - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . - - - 

ES (I) = S 
50 S S + SINC - m---- 

S I a 1 ... . . . . . - - - . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - 

I as 
E i = 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PROCESS REA G SEG ENT EN Pors 
D0 t 20 Ese, E IN, 4 
Y = Eige (E) 
iF (Y. Eq. Ya) coTo 99 

C A DWAke SBUF ONE RO: 
Is S + Slic - - - - roam - - 
- + 

F (S. GT. FASB) S a 

C 

60 CONTINUE 
C 

I 
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F c. GT. B2 Its 
IF (YBAR. L. T. ex GO TO 82 - - - - - - - - - - 

C RELEASE SEG 8 NTS ON E Y - 8 
SED ESI ( I ) . . . 
O 89 SP's SI SEN), 2 

SEG (S) s Y BAR - - - 
SEC (S+) = S2F (SP) 
SEC CS + 2} = SSUF c. SP+ 

83 S a S - 3 

82 as ' - 1 
3A R = Y BAS 

S3 FK S X = E) {2+ 
SBUF (SI+1} = EEGE & E + 3 
ES ( ) as S 

C 
9 S P = i 

x 10 = EDGE (E+1 ) 
23 at EGEE +3) 

O e 1, B2 
SQ SIP 
SE = ESI K . . ) 
X i = x 1 e 
& 2 a X20 

C 
93 K P is SBUF & S. G.) 

IF (82. L.T. x Pi- ) Go To ss 
4 P2 = SEF ( S + 1. ) 
F C G P21) OO 95 

C SEGENT ( x 1 , X2) S COki NECTED TO A PREVIOUS SEG ENT 
IF K S E SEN) GO TO S4 
S K 2 (X1, XP ) 
32 a NAX 8 (X2, XP2) 
SBUF (SIG) = SBUF (SE: ) 
3. BUF ( SI 3 + 1 = SBUF (SEND + 1. ) 

E: D = 3) - 2 
O 93 

C 
94 RF (SEN) a I e X, XP 1) 

SBUF (SEND + 1) = Axe KX2, XP2) 
GO TO S8 - - - - - - - - - - - - - - - 

C 

95 SIG = SI q + 2 - - - - - - - - - 
F (SI Q. L. E. SEND) GOTO 93 -- 

SBUF (SQ) = x. --------------------------- 
SUFS) is "X2 - - -mo 

C 
98 ESI ( II) is SIG - - - - - - - - - - - - - - - - -- -- - - - - - - - - 

190 SIP = SIP + SINC C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

23 CONUE 
c 

- - - - - - - - ---------------------------------------------------------------- 
3 RED NER) - E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " " " - 

C 
c - - - - - - RELEASE REMAING SEGERTS 

152 = B2 
-------. IF as a or --------- 

SI - S + SINC 
I = I + i t . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IF (SI GF AXSB) SI e 
IFK GT B2) is 1. 
SEN is ES ( ) 

"T"IOT SIP =SI, SER, 2 - --- a-------------------- - 

SEG (S) = YEAR 
SEG (S+) is SBUF (SP) 
SEG (S+ 2) = SBUF (SP+ i Y 

148 S = S + 3 - 
C 
- 15-yss Ysa -------------------- 
C 
189 SC (DI+ i) to S - 
C 
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C 
a + 6 - - ----- - - - -------------------- - - - - - - --- ---- 

IF (pi. TAX) Goro 28 
CALL RITE (SEGB, DREC, DIR) - - - - - - - - - - - - - - - - - - - - - - - - 

CALL RITE (SEGB, DREC+ i. SDR) 
DREC = DREC + 2 

a 
200 CONTINUE ------ -- 
--- --- 

- F ( ) . E. D. GTO 2S 
CALL RITE (SEGB, DREC, DIR) . . . . . . . . . . . 
CALL RITE (SEG 8, DREC+ SDR) 

C RIE OUT SEGENT . . . . . . . - ------ m 
295 29 a S, S12 

CALL RITE (SEGB, OREC, SEG c.1) ) - - - - - - - - - - - - - - 
2. O REC as O REC 4 

CAL CLOSE (SEG) - - - - - - - - - - - - - - - - - - - - - - - - - 

CA, CLOSE (EBUF 
El 

SBRUE CHRE can T. FPEX) 
---------------BY-E-F-I-PEX-9 )--------------- - - - - - - - - - ... -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PICT TEER A-Z ) 
CP8/ C /S), SS9, O NSO, NOB, B. - 
C. C t / BR (52), '8 c 1952), C (52), PBUF (38) 

C HE FIRST 28 - O RS F - Pau ARE THE W B - FOR OU 824 ORDS OF 
C BFF ER STRAGE, F (OED BY 256 ORBS OF PICTURE STORA GE 

- - - - - ------C-NC)-a-G--a S-E-G-58)--CBR4-S-23-)--C-9--R-5-4-3).--------0-09- - - - - - - - - - - - - - - - - - - - 
CORMC DREC, NFS 

- E--SEGB-PB 2 Si-S)-- . . . . .-- - - - - - - - - - - - - - - - - - - - ... - - - - - - - - - - - - - - - - - - - - - - - - 
ESU WAECE (PB, PBF) 

- - - - - - - - NTEGER - PAR-5) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ATA SECS 2/6/ SSK M S3M 

--DATA-4A-D- a 5-04-4A bassagal-bike Ca2-a-LPBUF 4-852-A-DREC 42-a ------ 
C PBUF IS THE LENGTH OF PBF US 2S6 ORDS OF PICURE STORA GE 
-C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL SSC c1, Sb 
- - - - - - - - - - - - I FCS-- E - ) - CAL-TY PE c.'... CR 02-) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL SST CH4, S4 ) 
- F - S1-E----COT-3- 

CALL QPRINT ( ' CHROME' } 
- - - - - - - - - - - - - -CA.L - TIMER - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AXBUFa7828 
- - - - - - - - - - CONNE--------------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL AFI Ecs iNT, FIPEX 2, 2) 
--C-A-L-0PSPBR-LPURa29-4-8-3-SCN)---- 

CAL LABEL PBF, PAR P. 
- - - - - - - - - - - - Nils (PARc2) +-) a 2- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA AFE (SEGB, 5, PC S, S. 
CA. OPEN SEG 8, 1924, 9, ), - 45-'-9 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CAL GRBE (SEGB PAR, MD) 

r -----CA-le-2-A-C-C-9-28------------ 
CA AFE KCB, PC SS) 

- - - - - - - - - - - -CA - OPE-CWB, -924, --, -, 'W2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CALL Wic' CHROME FILE, PB (P + i. 8), 2) 

- CALL-PABE-CW's PAR-P9 (-P+1)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CALL REA) (SEGB i , N. D., SO) 

------C-All-P-A-G-C-8-----G-------- 
CAL W KSO, CWB (Ca2+ X, S12) 
NREC- - - - -8-8-4)-a-85 - - - - - - - - - - - - - - - - - 
RC s 2: REC + 2 

OREC is REC +...3 . - - - - - - - - - - - - - - - - - - - - - - - 

CA RER) (SEGB REC, D, R) 
-- - - - - - - C All-P-P-C-9-RSC-C-)------ - --------- - - - - - - ---- --- ----------- - - - - - - - - - - - - - - - - - - 

CAL L. W. C. R. CYB K I Ca2+ i ), 52) 
- - - - - - CALL READ-SEGB, DRSC+ i - NB-B. R . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

I REC = OREC + 2 
- - - REC E REC + 1 

C FORT CBUF 
- E---0-8-6----------- 
SEND a B. R (EN 

---. . . . SP-.5 - A KB Far SED. . . . . .------------ - - - - - - - - - - - - - - - m a v- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

is DSP + 1 - - - - - - w - - - - - - - - - - - - - - - - - - 
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C READ IN SEGMET FE 
- 9 5---SEE--S1-2---------- - - - - - 

CAL RER B (SEGB, REC, D, CBUF ( ) ) 
- - - - - - - - - - - - - - 52. . . . . . . . . - - - - - - - - - - - - - - 

REC is REC + 1 5 
... c. - - - - - - - - - - - - - - - - - - - - - - - - r - r - - - - - - - - - . . . . . . . . . -- 

O S D is DEN, S 
R D ) w . . . . . . sp. 

e DF ( ) + i) = IRB - ) + ISP 
C 

TNS s () ISP - i) MSECS 2 
N = TNS SECS 2 

C 
--------------0-la-lis -- SECSZ-...----------------...----------------------- - - - -------------- 

19 CBF ( ) is SECS 2 
C 

FS I e N - SS1 
CSF (LFS) is 3 

C THE SEG ENT DIRECTORY CON ANS THE FOLLONG INFORMAT tN FOR EACH OB 
--------------------D-R-4---------.S. s. --R-R-S-S-S-S-SN-N------------------- 

C DIR (D ) as ESI a ENE G SEG ENT INDEX 
-- C - DR () --2) = Y N. . . . . . . . . . . . . . ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C D R () --3X XN 

- C - - - - - - - - . . . . . . Ret 4.- . . YAK . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C D R () 4-5 ) is XAX 
- C- - -o--------m------------- 

C THE CHRO MOSONE RECTORY CONTAINS THE FOLONG NFORMAT ON FOR EAC 
C - - . . . CRC) - s -3S.-a - BENNN-SEGE.--NEX - - - - - - - - - - - - - - - - - 
C CIR D + 1) NSEC as A NUMBER OF SECTIONS USED P BY OBJEC 

.C.-- - - - - - - - - - - - C. R. 2) - as FS-- a .NEX-ORF-S - SCOUS). BY-3.J.C. - . . . . . . . . . . . . . . . . . . 
C CD R C D +3) a LS a NES OF LAST SECT ON US ED BY OBJECT 

--C-CER D 4-4). F-F-R-E-RS-ALFORD OF-SEC-0. USE-8-08-JECT 
CD R C D +5) a a LAST ALFOR OF SECT ON USED BY OJECT C 

C 
C 

NFS a NEXT FREE SECTION NEX 
---. -- - - - - - - - FS --- RS FREE-SECON-- NEX------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NFS a 
- a 1 

58 BEG-- E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IF ( I. S. 4. EQ. ) CALL TER 
C. : . . . . CREASE-8ER OF SENS - F --POSSIBLE. . . . . . . . . . . . . . . . .---. 

C S = D. Rc 
------------BS -- Chill --------------- 

IFK BSE. 9). BS = CS 
- - 5 S- a--FS -- t SEC SI2--- ... -------. -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F (NS. G. BST-SECS 2) GOTO 52 
CBUF (LFS) - a - NS. - - - - - - - - - - - - - - ------------------. ------ - - - - - - - - - - - - - - - - - - - - - - - - - - 
FS s NSI 

----------GT)-5- 
C 

S2. CBF (LFS) . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - w - 

3 s CBUF ( S) 
REC as 2.9 - i. - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA GET (PSUF REC, N ) 
CALL-E (PRE- a 2 ki.) A PBUFLPBF4-)... -----------------...- - - - - - - - - 
CAL GST (P3UF 9 IND) 
Priva - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PROCESS OECTS N9 - - - - - - - 
F & IS 4. E. ) CA TER 

---. i0-89-blr) BEC-ED-6------...- - - ---------- - - - - - 

CSI a DIR () ( ) 
F (CSI E. x . O.O.. . . . . . . . . - - - - - - " " - a - m - - - - - - - - - - - - - - , . . . . . . . . . . . . . . . . . . . . 

Y is CBUF (CSI) 
F (Y GT. Y0). COO 19 . . . - 
ESI a DR () -- 1) 

-----------.S- -CD-R-O-------------------------------- 
H = CDR DIS 
SEC - a 2- - - 

IF (S. N.E. (2) (OTO 58 
FIRST SEG ENT OF OBJEC. ASSIGN: A SECTIOH 

Fc HFS 1. EG. (e) CA TYPE ( Ui BUF ) 
. . fairs - EGA-CALL-UF c. AEG END Y 
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R I } as 
R - 

C E R K + 2 
CD R 4 

CD R C-5 as 
- - - - - S - - FS--- - - - - - - - - - - - - - - - - - - - -------------------------------- - - - - 

FS CBF (FS 
it 

w 

FS : 
LOOP - ROC. EAC SEE OF CREN - BEC 

58 8G S. CS, ES 3. 
-------' as--B-F-C-S)---------------------------------------...--------------------------- 

F c. GT. Ye GOTO 82 
- - - - - - - - - - - - - - - -CBF-S- - - - - -PBF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

K2 CBFC S + 2 + PBF 

8 as 1, 2 
----C--------------------- 

52 kai, 2 
- - - - - - - - - If G --...-SEC SI 23--G00 - S --- - - - - - - - ----------------------...-- - - - - - - - - - - - - - - - - - - - - 

ADD ON A NE SECTION 
- - - - - - - - - - - FFS -- E.g. 9). -CA, YPEc. - BUF-22) - - - - - - ----------- - - - - - - - - - - - - - - - - -...---. 

If F S. E.g. ) CA. B. F. BES, BE, DI) 
SEC-e-SEC -- 
CBF LSE as NFS 

- - - - - - - - - - - -S. --FS------ - - - - - - - - - - - - - . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
KFS e CBUF (FSI) w 

- - - - - - - - - - R -4--------. . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - v- a va- - -v v- - - - - - - - - - - - - - - M - - - - - - 

c 
-60 BES4L), a pse - 

62 - H E L + 

X = CBUFCS ( 1) + P 
. . . . 22 CBUF. S. 2) + P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - 
C 

- - - -9-COU------------------------ 
C 

- - - - - - - - CD-R-C-3) - a ...S. -- . . . . . . -- - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . . . . ------. . . . . . . . . . . . . . . 
CIR c +5) as H. 

-C -E-OF. BEC.: - - - RTE OF ...To. --Sk- - - - - - - - - - - - - - - - - - . . . . . . . -- . . . . . . . . . . - - - - 
FC St. E. 1) CAL TER 

- - - -8-----ALL-8 egg 
C S = R ( ) 
F CSI, NE. 9). G. 8 . . . . . . . . . . . . . . . . . . . . . . v - v- - - 

c F S4 ER. i.) CALL E 
- - . . . m 

- - - - - - RE AH4+4G-P-9R-08-0F-G-BJECT-L-Es-Bsley-cuRRs4---------------- 
C PAE DIRECT RES AN CONTE 

- - - - - 82 CB R& D + 1} , -s. CBI-R&D + -)---- Sec. -- . . . . . . . . . . . . . . . . . . . . . . . Y " - - - - - - - - - - - - - 
C E R C D +3) a S. 
CD-R D +5)...a - i. 
D R () S 
-Co-UE----------------------- 

C 

- - - - - - - - - - 0-10RE OBJECTS ON --TH-I-S-L-NE... --. UPDATs. AND.co-UE. . . . . . . . . . 
1 CONTINUE 

FC IS 4. E. 1). CALL TIPSR . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DO 2e a D9EG, DE, 6 

T-S---------------------...- - - - - - - - 
F ( CS I. K.E. by GOTO 5 

- - -23 CON I.- . 

- - - if c St-EG. 1) - CALL--THER... -------------. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CAL PUT (CVB, DREC, IC 
.C.All-Miftau?e see ICM2 ...), e2 
CAL CLOSE (CYB) 
CAL COSE PSUF) 
CALL CLOSE (SEGB) 
If & S. 4. EQ. ) C. r. ER 

ED 
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SUE ROU if I HE ROE 
P-C - I - E GER Aar-- - - - - - - - - - ------- . . . . . . . . . - - -------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

COMNM C a CB (55), C S 2 
COMMON / C / St W S (56), EDGE. c. 924 ) , . B. c. 83), B.F. STB 
COM C M St), SSO, O, NSO, OB, B, D PER 
CON a C MN, PER, ' , XS, Ar A-3 
CO3 CSR 59 AB (Si), AREA S 3 c52) 

- C -a-, 1-k, --PG-68), SP 4-6-3-)- PER-S-C-RA-4-6---------------- - - - - - 
OGICAL is 9 UF c. 1398 ) 

BYTE CB, SMB Se ( ; 29), MSG7-(29) FSG8-25}, SG & 128) - - - - - - - - - - - - - - - - - - - - 

INTEGER Rc519), PAR c. , H S (6.4), OTA c. 60) 
El I WALERCE - c. 3 R SDR (49) ) ( H. S. BGE). . . . . . . . . . . . - - - - - - - - - -- - - - - - - - - - 

DATA MAX 8FM i. 999A, RESIZM 924M, NOBPM 6M 
---------D-AA-NC a 3-1 - )-- a 3-a-N-P gag-a-M-A-N-99-16-8-a-9-8-NA-31-AP1-89-a--- 

BATA OREC/2M, BRECM 2/, RFL AGM i M, OTT ABM 69 M 

- - - - - - -- R.C. -) - a BACKGROUN-9 - - - - - - - . . . . . .- - - - - - - - - - - - - - - - - - - - - - 

DR D + 3 a HRESHO 
--C--------D-R-O--d-2) a-C-----4U-4----E)- 

C RCD E +3) is CNS cit SAPEX 
- - - C - - - - - - - - - - - - ) IR (D-4) - a CX - (RX - N-S)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C R b +S) a CKS (A SAPE) 
---.C. . . . .THE OLTPUT. CHROMG SOE-0. RCT RY CONANS.--T K E FOLLONG - F - - EACH-O-BJ----...-- - - - - 

C SBIR (CD) as FB (FRST RECORD BOCK U R TEN TO DISK) 
----C--SDRC CD-4 a -4-4-4-4----E- - 

SIRC +2) S city SAPE) 
- - - . . . S.R. c. 3-3 - - - - A.S. RECRD - B-CK-R-E- O --SK X ... -- . . . . . . . . . . -- - - - 
THE INPUT CROSOES ARE IN THE FOLLOI NG FORA 

C ( ) is PRE IS BLOCK--R-EN - - - - - - - - - - - - - - -- 

C (2) s SE (NBES OF SEG ENTS IN THIS RECORDX 
------------ --C-C-I) - R-Y-L-E-00-RB---Air) e-255)-- ----- 

C cc + 1) a X (SARN SPE CORD NAE as - 2SS 
C (C2) - a (NBER-OF SAPES- - N - SSE) - - - - - - - - - - - - - - . . . . - - - - - - - - - - - 

NOTE THAT TO CONSECTIVE LINES OF SEGPEN T GREY WALUES ARE PRESENT 
LSC - E. D. ES ONS ARE THOSE-OF... THE-A-FrePCURE-AN. US-BE - - - - - - - - - 

BE). 
--C--TE-OTP-C4ROOSOES-RRE---4E FOLLOld-C-FORA ------------ 

C ( , ) = N SEG (NUBSER OF SEG ENT S L R THIS RECORD) 
C. C C E X a Y c. IE CGCR) Na Eau - r S 12). - - - - - - - - - - - - - 

C (C + i ) r (ST ART ING SAP.E COORINATE= 1 - S 12) 
C (C + 2} = (33 OF SAPES. N. SEGENT Y 

C THE INPUT CHRO (SOE DI RECTORY CONTAINS THE FOLOUING FOR EACH OBJ 

C 

- - - - - - - - All-SSC (---ISL)--...---------- - - - - - - - - -------------------------------------- 
FK I S. E. ) CA TYPE ROB) 

CAL SS Ch (4, ISG4-) - 
FK IS 4. Ei. 1) CALL REN' Rte ) 

CA RPA R (NP PAR, ANP) 
Ps 

----29----- - F --Pg--P)-G-09-35------------------------. ----- 
F & PAR c IP }. EQ. ' ' ) GO TO 3g 
F & PAR (IP) E. O. T.) GOTO 35 

OT TAB (PAR (P+ 2) ) a PAR (P +3) 
P: P-4 - 

GOTO 29 
- - - -3-3------T-9-8-4s PAR-R-2) - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Ps P+3 
- - GO) 23 

35 CON RE 
RECS22 e. RECS-Z/2 . - - - - - - - - - - 

C L BU (88) as AST BOCK RIT EN FOR CRRENT CHRONOSOME 
r s in. Retres T. Nints. 

NC = NUBER OF CHROMOSOES 

CAL AFI ECB, , 'PC , 5,5) 
CA OPEN (CMWB, 24, 9, 9 'W2 ) 
CAL AF EEC SR, 5, UCR 3, 3) 
CALL OPE-CSMB 324-0---- UCR -------------------------- - - - - - - - - - - - - - - - - - - - - - - - 

CS BE (CWS PAR, ) 
C. W. FE , MWB ( IND + 1 39), 2) 
C - PABE (SWB PAR, CWB ( ) + ) ) 
CA, SSCC), S-3) 
F ( I S. E. 1) GO TO 37 

- - - - - - --CA-----PR-- c 2-1. ). -- - - - - - - v - - ---- - -------- - - - - - - - 

CAL SPRINT (CWB (N + 73, 7) 
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CA. QPR 3 cc WB Nil 45)--39) 
CAL PRT CWB No. 27), 7) 
CA PRI c. 908 PER - B . . . AX----- LIN E . . . SR P -- . 
S. SS NL NS T 2 FPON AREA ODA 8 AWG 

... 2.- Bill). - ------ - - - - - - 

3? CAL A C32, SG, 28 
CAL PUT (SNS, DREC-IN)) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL READ (CWB, N), SO) 
- - - - - CAL REACCB REC. R. . . . . . . . . . -- - - - - - - - - - - - - 

BREC as BREC + 1 
-------- CALL READ (Ca, BRFC. I. D. Bl)- --- - 

BPER as 1 - PER 
- - - - - - - - B -...-2: B------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Bi e B + 1 
B2 = 8 - 2 . . . . . - . . . . - - - - - - - - , . . . - - - - - - - - - - - - 

3 = 2 8 + 1 
----------------- - --- 

w CD = 2 
C . . . . Op. The Old EAC SEC. . . . . . 

90 530 O B N = 1, NOB 
REC at B. G.B. ) . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

E E R k + 2) is 2 - 
------. CHS-s-R D +3)-2-e--- ---------- - -- - - - - - -- - - 

CX se D R C D 4-4 2 
Chx.S. s. 3 IR ( ) +5) 2 - - - - - - - - 

CN CM - C + 3 
CNS CNXS - CS + 2 
C. c. CL - 

---------. CS - S - C.S.-------- ------------- - - - -- -- ------------ - - - - - - - ----- 

IF ( CNL ChS. T. F.XB UF). GTO 5 
4S C - SST CK ( , S( ) 

F & IS 1. NE. GOTO 53 
C All W. & BJECT . . . ft) O ARGE, MSG7, 28 ) 

C Ali O CO (OSN, MSG7 c 3), 2) 

s 

s 

- - - - - - - - - - Cau-PE-SC-7-2)---------------------. - - - ----------------... . . .-. 
GOTO S& 

C 
C READ IN CURRET CHROOSE 
53 CA - 2 A & B F AXB FM2) 

CAL 2 A KH S, 64) 
----C - w - - - - - - - - - - - - -- - ---- - - - - - - - --- - - - - 

s CALL READ (CWB, REC, NB. Cy 
SEG - s C (2) 

a 3 
C 

D 60 NN sai, NSEC 
- - - - - - B I. - 2 - C (C). ACNS+ C Clt ....C.S. + . . . . . . . . - - - - - - - - - - - - - - - - - - - - 

in C (C + 2} 
2. a 2 N w 
F (3 . . . ) GOTO Se 

C. GOE POSSIBLE, BUF G FROM CHROME OUTPUT be a 
IF ( B I. GT. MAX GUF) GO TO 45 

E.C..tt. Ll- 1 --OR- N G T GO - GOTO. 45... - . . . . . . . . . . . . . . - - 

. . . . it Hi St. ( e 3), BUF (BI), H. S. 2) 
C All NHI St C ( C I N+3), BUF (3 + C S), HIS, 2) 

6) C I as C E + N2 + S 
C 

FEC a ( ) 
- - - - - - F REC. N. 2) GO E.O. 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CCCCCC C 
FK OBN, NE. Toe My SO TO 3 

B I is 1 
J & 2 is . . . ; 

C All PRT ( , , 9F (B. . ), CNS) 
62.------- B.I - E B -- . . CKS - - - - - - -----1-- - - - - - - - - - - - - - - - -. . . . . --. - - - - - - - - , , , ... ----...- ... -----. . . . 

S3 Chiff UE 
CCCCCC C 
C 

BACK = 0 IR (DI ) M2 
THRES in D R& D + i) w? 

"6 - - - - - -RE-HRSSH-92-0B.E.C.T.----------...--...-...- - -------- - - - - - V - - 

HIS ( t ) is 
DAA = TRES 
THRESH s I THRES 
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- - - - - - - - - - - - - F-CRFAG-E-, -) - GOA-9-72- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
S (S4) = 2 

-----A-a-0------ 

... - - - - - - - - - - - 99--SS. as HRS 63- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
F us H S ( or ) + HSc ) + H S ( 4- ) 

- - - - - - - - - F-C-F-L, E. MAX-)-- G9-6S-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
MAX F 

-------- BAA-a------------ 

SS CON NUE 
- - - - - - FRESH-. (SP-R 89ASK - 4 - PERU-AA-A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

If (Of A (ON). NE. The EShao TABC ON) M2 
- 2 - CALL. SREC-R-S-S-HRSS --A)- ... -- . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - 
C 

... ---C---------B-I-n-BUFFSR-8------SOGE--N-D-S---- 
C D u D RECTORY HEk CD a CHRONOSON RECTORY IN DEX 

- B -- a-- CN8-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CN-2. - CN ...a -2 ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C81 a CNS n 
- -------mm-- - - - --R-S-L-RESha2------------- 

NS CN2 - 
- KSB--CNS 13-. . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CNS CNS 

O 3 L-1, CNL2 
-----------a-EB------------, ---------------------------------------- 

CNS 

2 1 0 if c is E Gobi, Buf, THREs H. Est. E.G. s.) Coto 300 
SDRCC) 3 p OREC - - - - - - - 

EGE ( , ) a 
------------ S-la-C-8-a-EB-B----------------------------------------------- 

EGE (2) a S 
. . . . . . . . CALL.S.O.C.-G-BUF (- ) . St-CNS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - 

FK N. E. O.) GO TO 21 
- - - - - - - - FGON, O-N). CALL. S.N.Y. N. N. Y.A.K, KMA). . . . . . . . . . . . . . . . . . . . . 

F (ON, O CALL PP (E) G.G. (2N), , ) 
------Grass-Go-O------------------------- 
CAL SORN (EGE, N. S.N.) 

. . . . . . . - - - - - - - F (SNB-E, (b) . GO-0-5. . - - - - - - - - - - - - - - - - - - - - - 

2 3 F KN. L. S. 2) GOTO 24 
- - - - - - - - CALL YPE.C. - G VERFO. H. RSLB R A BR)) . . . . . - - - - - 

CALL TYP ( ' ' ) 
The R The 
GO TO 219 

21 F & I S. EG.) CA TYPE ( 3ORT ) 
F. S.4. EG, ) CAL STR 
CAL SORT (EDGEN) 
F. S. 4. E. 1) CALL TIMER 

- - - - CON-INUE-----------...-----------...-...--...--. . . . . 
F (0N. EQ. ToeN) CALL PDUMP (EDGE, GE to , ) 

lf coeN. EQ. TOB NX CA it LST (L, S. CHL, CS, OBN3... 
C RKE SURE THAT 09.JECT CONTAINS AN INTERNA por 

NTPN. . . g . 
N2 a 2 N 

- - - - - - . . . - 0-3-E-tr M27-4--------------------...-...--...- ... ...------...-- 

EEG (E) 
( . . . . . OR. Y-GT.NL 3 - GO TO as . . . . . . 

AXO EDGE (Ed), 
2. . . .NEDGEE-3), HS) . . . . . . . . . . . . . . . . . . . 
F(X, GT. k2) GOTO 235 

--------Yacht. All-...-- 
B - 

C. : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

0 22 FTe 
- - - - - - - - - - - -f. Wilf-LEf ). NE. 8). GOTO. 2.... . . . . . . . . . . . . . . . . 
22 CON N. 

--- 
22 Ricar - 

-------------------------------------...-. 
222 u , ) 

- . . . . . . . . fl. WBU F.&RGK) ). NE. e.)--GOTO. . . . . . . . 
222 RCHT in RGHT - 

------ ------- a--aa-nusal-axalasa-luesa 
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223 EFT as EFT - B 

126 

-----------. RIGHT --...-R GT. ---B------...-------------------------------------- - - - - - - - - - - - - - - - - - - 
FK TOB. E. ON) CA, IIST (X, X2, E 

- - - - - F.E.F. R. G.O.25- - - - - - - 

C 
-----------0-23. Tale FT-R GT - - 

TP s I - BCNS - 1 
B.P. . . . . . . BCNS- + . . . . . . . . ---------------------- 
O 225 a BCS, CNS 

FT, RIGHT, Y) 

IF (TBN.E.R.OBA.) . CALL-E ST (PBP, Lt.-W. BUF pet 3-3. W. Bec 8 P-L) X) - - - - - - - - - 
IF ( Y (BUF (TPL ) . E. e. OR. I. (BF (BP-L) ). E. 8), GO TO 232 

-225----. CORTUE -- 
C THIS IS AN IN TERAL POINT 

NTP a - . . . . . . . . . . . . . . . . . . . . . 
GOTO 236 

C - - - - - - - - - - - - - - - - - - - - - 

23) CON NUE 
- 2-------Colue------- - - - ------------------------------------------------------ 

C 
- C . . RE WE 08 ECT. F. R. B. F. . . . 
236 SEG s 

P. sa ge. - - - - 

i ()) N = 
------EC-s-- ----- -- --- ---- 

Do. 250. Esi, 82.4 . . . . . . . . . . . . . . . . . . . . . . 
be EDGE (E) 

- - - - K - a ... EDGE ( E-3 . - - - - - - - - - - 

82 as EDGE K E +3) 
--------- -S -2 e-X-d- - 

F (N.S. GT - 2) GOTO 238 
- - - - - - - - - CA. - TYPE c' - ROB -- NS-E . . . . . . . 

CA TYPE ( ) 
- - - - - - CALL I - IST EN2 &i-X2, SY--------. . . . . 

PAUSE 
--- . . . . . ... ?o.-2Sai - - - - - - - - - - - . . . . . . . . . 
& 38 C. US 

NSE - NS-r 2 
6C I = EC I + i. 
EC s EC + HS2. + 3 - - 
I FC EC E. RECS22) Go fo 24 

- C -- - - - - - -------. - - - - - - 

C GRITE OUT CHROPOSOPE LINE 
E ( x = SEG 
) REC at OREC + 
CALL Q S T E { SYS, ) RE, 

SEG c 3 
-- - - - BC-a - 2. ------------ -- - - - - - - - - - - 

EC = NS2 - 4 

248 C (BC ) = CM 1 + Y 
- - - - C (BC - 1 - E - C.S. - + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(BC +2) is S 
- CALL-E0E BUF (YCS axis. CBC-3). STBLS lobbl. TRES) ------- 

P a NP + NS 
- 25 SEC. s. NSEG - + i . . . . . . - - - - - - - - - - - - - - - - - - 

C All SSUTCH (4, S.4. ) 
- - - - - - - - - F. P. GE.-25. A RB-ITPNJ-NE. a) - GOTO-2se---------------. . . . . . . . . . . . . . . 

- FC S-E----Goro-21s 
CAll QPRINT ( OBJECT RE ECTED 

- - - - - - - - CAL - IST ( OGM-N-P, Y-N-K) -- . . . . 
CALL LIST (Y4A-Y IN, XMAx-x I, , S, NC) 

- - - - - - - - - GO-0-2-10----- - - - - - - - - - - - --...-----------... ... ------......... ------- - - - - - - - - - - - - - - - - 

C RITE OUT LAST LINE 
REC -OR-Ec--------- - 

C ( t ) at NSEG 
- - - - - - - - -CAll -URITEK SAB, GREC,C) --------. . . . . . . . . . . .--------...-- - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
s -NC - + - 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ht = Y A X - Y MIN 
r ---------.S S. f --- k- -- -o- 

ODN is I 0D N - BACK NP/4 
- - - - - FTA B-cNC) - as . FHESH-----------. . . . . . . . . . . ... -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IP (NC) = CMM 
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SP (C) - s- - S - - -S. . . . . -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 
OD (NC) s GN 

-----------R-E-A-G-e-P----------------- 
PER (NC) a PERM 
CA. SS-CH 9-S9-) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
FC S. E. 1) GOO 280 

C PRR F. S. IS UP 
CA OT NCC, SG K4s, 2) 

------ A. J. C9-N-PR---------SG---9-3-3-)--------------------------------- 
CA OTCON BAC is 2, TSG c. 73, 3) 
CA - UTC)-(E)-AT. At 2, TSG (2?)-, 3} . . . . . . . -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL OUTCOR (DNAX is 2, TSG c 31), 3 } 
CA TCO C. S. c. 3S), 4-3 
CALL OUTCN ccS, TSG c 7 s. 4.) 

----- CAL---0 UT-C-C-C-L------PSG-55)--5-)-------------------- --- - - 
CAL OUTCON (CSN +S, SGS3), S) 

- - - CAL -- 0. TCON (NL TSG-c-65), 5 - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - u-- - - - - - - - - - - - - - , , - - - - - - - - - - 

CAL OUTCON (KS, MSG (7e), 5) 
- CA. O. CO (HRES 2. TSC (S)- 3) . . . . . . . . . . . . . . . . . 
CALL OUT CON (ThreSH, TNSG (86), 3) 

--------CALL OUTC (0 B-4SC. c. 94-3-2- 
CALL OUTCON (KP, PSG c 1 2), 8) 
CA. Of CONCE O - SG C-14) -9 b . . . . . . . . . . . . . 
CAL OUTCON (IOE) Na (NPM 8), TSG ( S), 3) 
All OT CONCAC TSG c. 1223, 2 . . . . . . . . . . . 

CAL PRINT (TSG, i. 28) 
C ENER OBE cros' RecRY 
283 SER CD = c + N - 

S R & C ) +2 sc C S + - 
S R C +3) = OREC 

a Cb + 4 
IF (NC. E.g. AXN 093 GO TO 519 

- - - - - GOTO 2 3. - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -m-n - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
33). ONNE 
S33 I = + 8, 

C 
5. CONT IN 
-----Si R-(--)-s-Cp a 4- - ---------------- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NKSE SDR 
EP as PER4 c 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PER ( ) is 64 
C ST RE NOB PARAETER TEPORARILY IN PER (1). . . - - - - - - - 

s CAL PARAM (il 22, NX, OSPH) 
PER is E - - - - - - - - - - - - - - - - - - - 

C RITE 08 PARAMETERS 
CALL. Mi ( TAB-S) R-241), 69)-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA RE SWB 1, SR 
C All-RITESW B, 2 LP 3 - - - ... ---. - ... - - - - - - - - 
IF S. E. CA PRR c 1. " ) 

----------C-All-CLOSES4b) -- - - m vo 

CAL COSEC CW 
- - - - - - - EN). . . . . - - - - - - - - - - - - - - 

C in we we w x : 
C------...--- -- - - - - - - - - - - ---- ----- 

C - N38 CAMS WERS IN 
C 
C it y : 
C 
C 08 filj BERS THE RAC SPREAD & T H THE OBJECT type ERSGENERATED 
C - B. F. B - - - - - - - - -...- . - 
C 

SBR0 NE - NGB ( ), F PEX) 
IPL IC IT INTEGER (A-2) 
COMMON / C / NK. T. S. F. I - . - - - - , , - - - - - - - - - , , - - - - - - - -- 

- 0. ICAL ORDER 
-----, - BYTE-F-LPEx (9)------- - - - 

C a EUFFERS 
BYE EF2 ( 2344), OBF (i. 2344). - - - - - - - - - - 

C RAE) DP AREAS 
- NEER SPAR) - - - - - - - - - 

BYTE CHA R (2) 
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-C-SAP-E-R-E-TABLES FOR - OECT-BES 
NTEGER ST 6), T ( S), TEMP (6) 

-------- . . . . . . DATA - YM) 4 x// REPLA 4 - RSP 1131 - - - - - - - - - - - - - - - - - - - - - - - - - ----...-- - - - - - - - - - - - - - - - 

- C -- ITL All-IZE. BAIA. SETS ----...--. --...---------------------...-------------. -- - - - - - - - - - - - - - - - - - --------. 
C 
- CA - SSTC (11 IS-1)- 

IF ( S. E.g. 1) CA TYPE O B ' ) 
- C - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C READ PARAMETERS 
-C. - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . . - a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- 

CALL RPR RAM (MP, NK, 122) 
---- - E CEL-EB) - CALL-Apia SEASPH) - - - -- 

F (F. N.E. 2) CAL CLEAR 
C-C-ERR THE GRAY. SCALE UNISS. - F. Ski C-UP - A - COUNT------ - - - - - - - - - - - - - - - - - - . . . . - - - - - - - - - - 

C All AFI LE ( ISU F2, BUT, FIPEX 2, 2) 
- - - - - CALL AFI Ec-08 UF, -i-. C. ...---------.S. 53 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA OPEN c BUF2, St 4 4, , ), SCN ) 
- - Call-OPECOBF -61 ------ 08 -------- 

CAL LABEL (BF 2, SPAR, 2) 
- - - - - - - - - N - SPAR c. 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NS = SPAR c 2.) 
is NSIM2 
No. 1 

-- - - - -C-All-P-A-BELOBUF SP-A-R-BUF 2-1-2. -------------------------------. 
C 
C. SEE. F. - T S N.O.RDER. . . 

ORBERs TRE 
I FC NK. L. , 2) of O 45 
DO 4 N-2, NK 

- -------if CTC) - LT. LTC-1)-GO TO-42------------------------------------------- 
42 CONNE 

- - - - - - - - - - - -COO .45 . . . . . . . . . . . . - - - - - - - - , , , , -, - . . . . . . . . - - - , , - - - - - - - - . . . . . - - - - - - - - - - - - - - - - - . . . . . . . . . . . . - . . 

42 ORDERs FALSE. 
5 ... - - -CON I NUE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - v. - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c 
--C-RUE-TROli GH ERC - E - OE. T.E. P. CTURE - - 

- - - - - - - - - - - 589. Lisl, NJ -- . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL GET ( B.F2, 2) 
- CAL PUT KOBF - O). . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL NYU ( IBF 2 ( 2+ i ), OBUF (0+ i ), N ) 
C 
C GE PE FATE : U? BER FOR EACH OBJECT 8T APPROPRIATE TIME 
C 

FKK ER. 3. R. N. C. NK) 00 22 
O 2) is Ril, EK 
ls - f ( ) 
F. K. D. GT. 4). G0.0.23 a... .............. ... --...-...--- ----- - - - - - - - - - - - - - - - - - - - - 

F D SE - 4) TO 48 
IFK ORDER TO 23 
GTO 2. 

: ; ; 
S)=S(N) - 13 

- - - .N.C.S. s. 2.------ 

F & N. GE t ) GO TO 5 
NCAR= - - - - - - - - - 

Sar S-6 
59 F & S) . . . ) SD is -- . . . . . . . . . . . . . ... - - - ... ... - - - - - - - - - - - - - - - - - - - - - - - - - - - r r - - - - - - - - - - T' T ' T 

I FC B, EQ - 4) TO 75 
--------. IE&L. F. 4) - GOTO 79 

CA Oc ON N. CHAR (2), 2) 
CA EX (CAR (3 NCHAR), NCR, 83, OBE (+SD) - 1) . . . . . . . . . . . . . . . . . . . . . 
CA. If c 3, OBUF co-S-- 6: RC Hair 

. . . . . . . . . GO TO 220 - - - - - - - - - - - . . . . . . . . . . . . . . . . . . ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

79 IFK ORDER N is N + 1 
-75 - -- CALL-ILA (a ORF (O-tSE), 6th chARt 1) - 

298 CON NUE 
... 218.- ... . . . IF (F.I.E. a) - GOTO. 529. ----...------------------------------...- . - - - - - - - - - - - - - - 

C NO B ISPLAY I F FINISHING UP A COUNT 
. CAL DIRECORF ( ): . . Y. X, S. REP, ) . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - 

Y = Y +REP+ 
- .588 - CONTINUE 

C 
COSE DAS A SETS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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C 
CAL CLOSEK. IBUF 2) . . . . . . . . . . . . . . . . . . . -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CR CLOSE (OSF) 

------ CAL-E IT ----------------------- 
EN 

C NT - INTERACTION To check Nob OUTPU AND CORRECT FOB ERRORS 
- - - - - - - SB-R-94 - E - 4 ---------LPS-)------------ - - - -------- - - - - - - - - ----------- 

IPCT NEER cA-2) 
C 9.0/C a NK, LT AB, STAB, F- - - - - - - - - - - - - - - - - - - 

NTE GES PAR ( ), S P A R & 5), SST (53), S (513), T A9 ( 33, PAR (S) 
NE GER XAB 69)- Y-9 (e-). TAB ( S)). SFA B (69), EMP (68-). RPARK i 88) - 

B E A c. 2344), BACK (S2), F PEx (9), BPAR (23), KEY (29), HT KS 2 3 
- - - - - 9 -E-B --9)--- (-2-)--S-28)--i-8-9--------9-9-CAR-4-2-)--------------- 

BTE BE ( 3 ) 
E - WA Ehe E-- 6 PAR 9-PAR) - C-FAB-e-2-)-9-6 PS-T-A963-)-) - SPS, T-FA-9 (4} )- - - - - - - - - - 
ES E AENCE CR, SPAR () ) cS, SPAR 2 ) 

- - - - - - - - DA-FA--BElla - 7-a- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ATA NTEM 23/ --D-A-R-A-A-S-P-a-a-9-8-16-a-S-R-A-S-S-a-0Sak-9s-4-3-ar-R-98-15-4---------- 
DATA KEYW2 a , ice , "C', 'J', ' ' , " ', 'A', 'F', 'S', 

--U----9 - 2 - R - K-', '-- - - 2 - - , -')--/- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
NFAs it 

- - -C --All A-S-S-E---NFL A-S--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C FLAG TO CA. No 8 FOR A FINISH COUNT 

-C-AL-L-L-A-32--------5-2)- 
CALL 2 (R C H E 4) 

-- - - - - - - - - - - - - - CAL - W --- 2 = 4s - – BACK.-- - - - - - B --8)------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CAL W C his is HRESH as a 2) 

- - - - - - - - - - - - - CAL - - - - - - - - - - -- 7-) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
B. c. 19) is 9 

-------4-2-- a- ----------- 
C (8) is 

- - - - - - - RER) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA TYPE ( CHECK SPREA) *, 3) 
NK=- - - - - - - - - - - - - - - - - - - - - - - - - - - - V - - - - - - - - - - - - - - - - - - - - - - - - - - - - a - - - - - - - 

CA R PAR (SRP RPAR, 32, ROBP) 
----------CALL-RPR-R-R-42 -----22-40)------- 

FNP. E. 3) F i = S4 
- - - - - - - - - - - - - CAL - EC0 N (KFI ) . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C DISPLAY HE COUNT 
23 - CA -- I - A-32, G SG-128) - - - - - - - - - - - - - - us -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL RCA 
--C-RE-i-CURS OR-A-USCEls------------------- 

C All AFI ECA BNT FIf E 2, 2) 
--9 PE - SC F - BATA.-SET. F. D. REA T A.S.. . . . . . . -- . . . . . . . . . -- . . . . . . - - - - - - - - - - 

CALL OPE (A 6 4, 1, 2, SC 3 
C All GLA 8E ( , SPAR. As - 
CA MYL & A. ( I. A + 7.5 , iSG. S 4) 

-----SAR-R-3E-PR-PA---ENT - RP9-------------- - - - - - - --- - - - - - - - - - - - --------------- 

CAL GET ( A, SPR ( 1) + , , ) 
- CA. A c. A c. A ). A8, -33). - 

25 C E 
- C& PARA (NP PAR. . ) 

3 FK NP. E.g. 9 GTO a 
- 5 --- F - PARC -------RS ---G0-9-8-8- - - - ----------------- - - - - - - 

I F (PAR c 1 ) EQ. SN ' ). GOTO 85 
0.53. K=-1.- : . . . . . . . . . . . ----. - - - - - - - - 

F C EY BPARC NE. W. CKEY (K) )) GOTO 5 
- - - - G0 0- S - 08 288 398-420-580-52-9, -789, 8-93, 350-909 -Sie, 929, 9-39, 949. 

1 e 1229, 1329, 13S) 4, k 
----50----C0 UE 

89 CALL YPE ( ' PARAK2 ER ERROR) 
- -, -65- - - - - - - CA. P.E. 2 - . . . . . . - - - - - - - - - - - - - - - - - - - 

GOD 25 
8 - - - - - - - - CONUE -- . . . . . . . . . . . . ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

RS - RESCA 

CAL PSE 
CALL CLOSE & A 
CA EXIT 
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85 C RE 
C - 

C.. S. - ... S. P. B. A. C. ASF. -------------. -------. --------------- - - - - - - - - - - - - - - - 
C 

CA. APASS ( . ) 
CAL CO SEK A 
C E - - f 

9. ca. Typ E ( ' ' '. P. O. E OF THE FOLLOING KEY ORDS TO SELECT A. OPTION") 
- - - - - - - - - C - ...P.---------------- ar ros, , --no 

CAL PE ( C - CU AAR A OC (PDS TO CRS OR FIRST ' ) 
- CA. YPEC - - - - - - - O - F IECES. - OETHER... (USE--CRSR) - - - - - - - - - - - - - - - - - - - - 
CAL PE - A E RESOD SE CRSR) 

---...- . . . . . . . CA. P.E ( ) - CHA. E. BACKGRUN (SECRS OR ) -- ... ------------. - - - - - - - - - - - - - - - - - 
CA. T P E S - SEF P T H E CRS OR TO CORRECT FOR ORF ' ) 

- ---------- E ( - A - BRT THIS IS PRE at - - - - - 
CA TYPE RS - RESC. A 

- CALL YPEC. F. E. S. S.S.P.R.R. (). KARYPE ' ) . . . . . . . . . . . . . . .-- - - - - - - - - - 
CA. T P E F, - F - SH THIS SPREAD ; AS N ROSCES' ) 

-----...-- Cai YPE ( Ile. DISPLAYE. I. A. C. BERED --SPEA).' ) - - - - - - - - - - - - - - - - - - - - 
CA TYPE ( ' ' - SFAY HE NUBERE SPREAD ' ) 

--CA TYPE - E - ERASE - Elias T-C-R-O-REES - 
CA TYPE (' , , , R R - YE THE ERS OR P. O'N, EFT OR RIGHT ' ) 

... ------. -- . CALL-TYPE ( ' - K - INTERACTIE Caul I. All TH. C. RSOR-6ND-BELL')--------------------- 
CA. T P E ( - ABB A 4 SSING UNER COLY FR CONTS ) " ) 

- - - - - - - - - - - Call-YPEX-lis REE--EXTRAN BER (Y-FOR - OTS) -- - - - - - - - - - - - - - - - - - - - 
CA TYFE ( ' Z - ZERO THE CHROOSE COUNT ' ) 

----CAll-TYPE ( - S - c. SKIP line. (ISE-O-RCR) y - 
CA. T P E c O N T - SET THRESH F OR OBJECT N TO T ) 

- - - - - CALL. T. P.E ( " - . F. SPREA) - S - c. ...YPE CARR-L AGE--RETURE' ) ------- - - - - - - - - - - - - - - - - - - - 
CAL TPE ( ' ' ) 

- - - - G00 25 - - - - - - - - - - . . . . . . . . . . . . . ------------. ----...----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C 

----- --C-----Ci-kPR-A-TOUCH------------------ 
C 

- - - CAL CURS OR ( - X. Si-SS) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA. T P E ( ' 'YE EURSER TO ED F C , ) 

- - - - - - - - - - - - b. 1 25. J = i. 2 - - - - - - - v m - - - - - - - - - , , , . . . . . . . . . . . . -- - - - - - - - - r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

25 is , 3 
------Call-blite chil Eyl-2-ti si = 1- 3 a.o. )-------- 

ARK THE FIRST POT 
- - - - CAL PARA (PPAR, 1 g) . . . . . . MM . . . . . ... - - - - - - - - - - - - - - - - - - ... -- - - -m r - - - - 

IF (P. EG GOTO 2 
PsFS (. ) . . . . . . . . M . . . . . . . m - v- - - - - 

iF & P. E. OR. P. E. R. P. E. R. P. E. R ) GOTO 5 
--- --- (P-E.------. g.g. 23. ---- -mm--a -am - - - - . . . . . . - - - - 

ERASE THE ARK If E AS Trip 
- - - - D - 2 - is 3 
2 C F L I RE ( 255, Yi - 2 + , - , 3, , - . ) 

- G 25 . . . - 
15 CAL R (PAR). 

C-CEC-FOR-UP-bous LS FT--R-R-G-4-----------------------...------------- 

- 28 - - - --CCH IN E---- . . - - - - - - - - - - - - - - V a s r. s- - - - - - - - - - - - - M - - - - - - - M. ... . . . - - - - v 

CA - CURS OR Y 2, 2, E, ES) 
CAi- A.D. (SL, SSE, ES, S.S.S. S.) -- . . .- - - - - - - a m - - - 

9 35 is S., E. 
" -----. E2a (- M - m - 

st 24 (SST ( ) - ) 
3S - CALL - LIHE& GHT. Y. S. S. L, i e ] . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - w va - a -- ' ' 
4 CAL PARAM (P PAR, ) 

- - - - - - - - - - - , F & W BPR ( ) ). It E. ERASE. Colo-.58 --------- M m 
C RESTORE THE DATA IF E S T P En 

- i. 55 L is SL, E. 
". . . . . . . . ." 

F 2 k (SS ( ) - 
S5 CR - I - I fi E ( 27, Y, X, ISI ( ), i, - . ) 

S. M 

58 RER is 
- - - - - - - - -D-0---25 as SL-E.--------- . . . . . . . . - - - - - - - - - - -- ------ - - - - -v- - - - - - - 

CA GET ( , , B 
CA. F. ( A A) 

- F & I. A. E. IB) PAUSE 55 
& Ril it 3 - c if r S ST (L.) ), is f { } } 

C R if E ZEROES IN THE para SET 
- - - - -90-8-3-2------------------. - - -nu--- a - M - M. -- mm-M - M - 1 - Y - -- - - - 
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C 
- C - - - - - - - - Je N. -- . PESS. GE-T-HSR - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C 
2 99- - - CONT - UE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA CURS OR (X, S, SS 
----C-All------------RSR-49-9-9-0--------------- 

DO 225 = , 3 
- 235 C. A.L. - Ek 255 - 2 - - -3, 3, ...r.). -- . . . . . . . . . - - - - - - - - - - - 

C RRik Ei B-POINT 
- . , 23- C All- FAR - (N-P-PAR-1 (3-) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IF ( 4 P. EQ - 9) GO TO 22) 
PsPAR-4-------- 
I F (P. E. " . OR. P. E.g. " ) " . R. P. E. ' ' , OR. P. E. 'R GOTO 215 

- - - - - - - - - - - - - - -F (-P. E.--S-'-} G9-9-22-2- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C ERASE THE ARK IF E JAS TYPE 
- - - - - - - - - - - -2-12 -- a-- 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
22 CALL I E ( H. E. r2 + , X-1, 3, 9, 93 

- - - - - ----G99-25 

2 5 CA UDR (PAR) 
- - - - - - G -0. -2 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
22 CT NE 

- - - C - - - CRSR-62 X2 - - ES)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL R DL (S, SS, E, ES, SST, NST, N, NS) 
- - - - - - - w ------, - . . . .--O-235-s-S-E--------- 

Ys 23 ( - ) 
- - - - - - - - - = 2-k (SST (-) - }- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
235 CAL BINE 27, Y X ST c 1 - 1) 
-- RRS 8. Q --- HS--GR-AY-SCA-E-----N-9--CA-TE--THE--0- N------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
24 CAL PAR ANP PAR, 

-- - - - - - - - - F (----8F-R-G-4----NE-R-A-S-C 9-252------- 
255 S, EL 

S =S-S ( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

C All GET & A, , A) 
55 CA ( - C - (A & T A+ S) 2: ( - ) , k (Sr.) S.K ( ) - 8) - - - - - 

C RElia E E D A 
- - - - - - - - - -G-00-25 ...-------------------. -- ----- --- - - ------------ - - - 

28 RER Us 
- D - 275. -S. E. . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C - L. GET ( A. . . . A ) 
CA. L. PUT & A. L. A.) - - - - - - - - - - - - - - - - - - - - - - - - - - 

275 CSL 27, A (TA + SST ( x ), NSK) 
--- C - R -- - -27- - E-RT-A SET-FR-E-O-L-E------------ 

GOO 3 
- - - C - . . . ... --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C B - CHANGE BACKGROUN 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

393 CONTINUE 
--------CAL-CURSORY----.S.----. - - ------ --- 

C All GE { A, , . A ) 
CA - UTC0. C. S. A. At S X.)- 8 (7 ).3). . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - 

= ( / PS3 at C + Sa SPS +1 
I FCS/SS . EQ. iC) - T - T - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - -- . . . . . . . . . . . . . . . . . . . - - - - - - 
CAL OUT CON (T TAB (89 + T ), B (16), 3) 
a T Yps a 

RC 88 
C SET CHA E E - CK 
23 CAL PARK NPPAR, ) 

I FC P. Ed. () go TO 25 
IF (NP . . ) GTO 3.5 

- - - - - - - - - - F. & P.F. i - G - -27- 0. R. PAR- (-)- - - ) -COO ... 63-----------------------------------, -- 

TB (BR + T scPAR 
CAL E { A, SPARK 1) + i , IA 
CAL PUT A SPAR ( ) + . A 

Hill. N'd AB, A & At i ), 33) . 
Ref= 

-- - - - - - - -G 3-25---------------, - . - - - - - - - --- - - - - - - ------ - - 

C 
- C - - - - - f : - CHANGE THRESH 0-9. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
. . .423. CONNUE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IFK K M T (7) ). E. Y ( ' ' ' ) ) GTO 449 
- C is It did al-IE. T.I.A.S AREABY REQUESTED - -- 

C DISPLAY THE SECTOR BOUND ARES 
4 13 List PS LPS . . . ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " " ' ' ' ' ' ' ' 

4 8 C All I RE CIE L - NS+S, 8, 3) 
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---------...-- - - - - - CAll IL-fill 27-BLACK52) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
4 5 S = SPS, NS, SPS 

D) 429 = 1, 5 
-----2 fail---...-- CALL-Eld EcBLACK, N-tilt tra. S. . . . ) - - - - - - - --------------------------------------- 

4 40 CONTINUE 
- - - - - - - - - - - - - - - - - CALL-CURSORCY1.2a Eli S.). ------------------------- - - - --------------------- - - - - - - - ------------- 

CALL CET (A, L., A) 
--- CAll TCC (AIAtS) T (743)- 

Tr (MPS) C+ SASPS + 
--...-- - - - - - - - - - - - E SMSPS-EG-C-)--Ire.--------------------- a--------------------------------------------- -- 

CALL OUTCON (A - 1), T 8 3) 
- - - - - --- CALL. TYPE-ca. a-, - . . . . . ---------------------.... -- - - - - - - ------------------------------------- 

BORT = 4 
-C-SET-T CHANGE-TRESH--- 

GOTO 323 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C A - ABOR 
C - - - - - -- - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S C UE 
-------CAll-APHaSE) ------ 

RER Us 
... O ) 99 3. . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S9 C3 IE 
- C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C F - FIS ISH KEY OR) 
-------- - - - ----------------------- 

F & NFL AG. E. 2 GOTO 69 
- C - IF. 8... . . . BECA - E.D. ---, 5- ) . . . . . . . . . . . ----. . . . . . . . . .--------. - - - - - - - - - - - - - - - 

CAL PSE & SKP) 
... - . . CAL CLOSE (A) --- . - - - - - 

CALL AFI ECA, , PC 5 S) 
- CAL-L-OPECA-5 2-3-2- 9 )- 

C SET TO A NK TO NOB O T P A BE 
- - - - - - - - - - - - - - GOTO. 629 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

s CONNE 
- - - - - - F at . . . . . . . . - - - - - - - - - - - - - - - - V - - - - - - - - - - - - - - - - - - - - - - - - - - -- w - - - - - - - - - - - - - - - - - - 

CA PARA (22 (, EP) 
---C-SE-B-T-CALL-4A Sk-A-D-40 T-PUT-UP - SPLAY--- 

CA. APHASE c OSPHY 
--- 828 - - - - - FK N.P.E., 3) --KPAR c. 3) . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C USE OPERATOR SUPPED COUNT 
- - - - - - - - - - CALL - 0 UTC (lik -CHSC (68) 4-)----------------------...---------------...---------------...-------- - 
C COMERT K FOR GMSC 

CA-Y. Gas Tetra as.) 
Ei 25 5, 2 

is E. F. F - 
CAL PE ( EP, 73) 
C. A. L. GABEL--R, SPAR- A) - - - - - - - - . . . . . . - - - - 
C All MW (GMSG S7), A A+ 292 ), 2) 

-----------C-All-R-A-B-E-G-A-SPAR-A-A-d-)------...------------------------------ 
C INSEFT NK IN THE ABEL 
S3 CAL CLOSE (A). 

C All AFI LEC A, 4, PBATA S 6) 
CA OPEN.A. 5 2, 3, 2 PRP. 
CAii AB 2 (A SPAR. I. A 

- - - - - - - - - F----------- - -------- -- - --------- --- 

CAL PLABEL (A SPAR, A K . A - i) ) 
C Al-l. GET (A, K, A 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C All GSG, A A - ) 28) 

- - - - - - - - CALL-PUT c-A-L-A-X -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PARK ) is k' 
- ----PARC 3) so T - 

CA. M.W. (FIPEX, PAR (4 3, . ) 
CR - (PARA48--PAR, ASKP) ------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . 
CA. COSEC) 

- - - - - - - - CALL-EXIT-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
790 CAL SC 
-----GO TO-25 -------------------manama--- 

C 
- - C - D. SRLAY. THE-RA-SCA 4 - H G T -- B.J EC-T--H4BSRS ------------------------------- - - - - -...--------- 

C 
- - - -88-- - - - - - CAL - CLEAR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Frt 84 
---4-7) is l-el --- 
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C RESE THESH II CAR 
- - - - - - - - - - - - - - - 828 - - - , 4- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL CET & A. A) 
- S 29- - - - -CA - - - KS (A - A-ha )-2-h (-)-9-NS) - - - - - - - - - - - - . . . . . . . -- - -- . . . . . - - - - - - - - - - - - - - - - - - - 

CAL COUNT chik, FI) 
---------G99-25---------------- 

C 
C--DISPLA. H.S. - 8 8--- P - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL PARA (22 K, ROBPH) 
------------C-L-A-R-A-S-S-I-P---------------- 

CALL CLOSEK A) 
- - - - - - - - - CA. E. T. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
9 a. CA. C. 

- - - G.O.T.C. 2S- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , , ... - - - 

9 CA NCD 
- - - - - - - - G - -2-S-------- - - - - - -- - -no- -- ---------- - - - - - - - - - - -------- - - - - - ------ 

92 CAt MCL 
- - - - - - - - - GO - 25 . . 

33 CAL CR 
G00. 25 . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

349 Cof NUE 
C-...----. ... - - - - - - - - --------------------------------- 
IEEACTIE COUN 

945 CAL CRSR (, , , S) 
- - - - - - - - 9)-S47. - - -NT-E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA. CRS OR (, , , S ) 
- - - - - - - F C E - 9-0---E-0). CT-S--------- 

9 - 7 COT INE 
. . . C. CURS). HAS. N.O. O.W.E. I.- A - E ------. . . . . . . . 

I FC Y . . . 24. At D. K. C.T. 200) GO TO 995 
. . . . iF UPPER. RIGHT. GOTO. 995 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- . . . . . . . - - - - - - - - - - - - - - - - - - - 

CAL CURS OR (Y, , , SX 
TFC' eae. AN ao ) 97 
CA ''PE (SEL, 

C RING THE BE - - - - - 

NFL 
IF clic. , s ) . NX Nik - 
CA EDCON (KFI ) 

- - - - Yk B (X) = - - - - - - - - - - - - - - - - - - -...----------. ------- - - - - - - - - - - - - ...---- 

X AB (NK) = 
LTAB (NK) = 
SS EK) is S 

9, 959 = 2 
O 95 a 3 

-----5-8----C-Ali B-L--------TE-Y-2--------3-8-9)----------------- 
96. CAL CRS OR (f2, x2, ... S) 
- . . . . . IF (Y2. E. Y. AND X2, EG, X) - GOTO. , 968. - . . . . . . . . . . --- ... -- - - - - - - ... - - - - - - - - - - - - - - - ----------- 
C CAT FOR CRS OR TO BE to WEO 

- - - - - - - - GOTO 95 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----------------------------------- - - - 
97 CA OTCON (HK, M K ( S), 2) 

--------CA-TYPE lik as -------- 
FK Nk. . . 2) GO TO 25 

C. ORDER. THE TRBLE-- - - - - - - - - - - - - - - - - ---------------. ------...-- - - --------------...--------------. 
DO 990 Nr. 2, NK 

- - - - - - - - - - - - F. KTAS). GE-ABC - 3-) - G). Q.-999 - - - - -- . . . . ---------- - - - - - - - - - - - - - - - - - - - - - - - - - 
Na AB (N) 

--DO 989 - El 
F (TN. E. L.T.B ( ) (OTC) S35 

- - - - 988-- - - - - CONTINUE-----. . . . ----- . . ... --- - - - - - - - --------...----------------------------------...-------, - 
9 85 NO W = N-J 

. . . . . . . . . CALL WI4 (A8), TEP. N.Y.). - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

TB ( ) = TN 
--- CALL-E (EP. LAB (4) i?). - 

CA. L NY (SAB ( ) , TEP, MOW) 4. 
... --STAB (J) RSA B(k) ... . . . . . . . . . . . . . . . . . . . . . . . . . . .-...----...----... . . . . . . . . . . . . . . . 

CALL MW (TEP, STAB c + i), NMOW) 
99 3. Cite. . . . . . . . . - - - - - - - - - - 

25 
... - 9.95 - CTE - - -------- w-. -- 

C ERASE THE LAST SPOT 
SS7 c. 2 . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S 97 as 3 
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SS7 . . . . . C.A.L. E. kle 27 YAB (K).-2t I...TAB.NK) - 1--3-0-2) ---...-----------...- ... ------------- 
F K. T. KaNK 

- CALL-DCOT (k. ET) ----------- 
GTO 92 

.33. . . . . CA. CSC (A) . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F SERUN. T. 2). CAt A PHASE (2) 
. . . . C.A.L. E . . . - - - - . . . . . . . . -- - - - - - - - - - - - - - - - - w - - 

C 
102 --CORTUE --...-------------------------. 
C 

- C. N. PA RAETER - AD. A the ER FOR HE. MSSG 0BEC. . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - 

C 
MFA (se - - - - - - - - - - - . . . . . . - - - - - - - - - - - - - - - - 

F K.K. E. 62 ) GO St 
- - ------ CAL-CURSO (- - - S ------------ 

D) l l 9 Jai, 2 
----. . . . . . )0. 2. I-ii.5- - -...--. -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAL DIE ( TE Y-3 (, X-2, 5, , ) 
- - - - - - - O - 28 - a - K - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . .----- . . . . . . -- - - - - - - - - - - - - - - - - - - - - - - - - 

F K. T. TRB (N) ) (OO 13) 
--1-2b-...--COT UE----------- 

RB NK+ 1) s. 
- - - - - - - -STRB (K+) as S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -...- . 

GOTO 4 
. 1 38-- - - - 0. NK-filt 1 ... ... --- - - -------. . . . . . --------------. . . . .------------------------- - - - - - - - - - - - - - - - - 

CALL MVy (LTA9 (), TEP, N NOW) 
CA. 1's EP, AR c-ty. . . . . - -, - . . . . . . . 

- . . . . . . ;- - 
CAL MW (, SAB ( ), EP, NMW 3 - - - - 
CAL MW (EKP, STAB (+ ), NMOW) 
STB (N) a S- - - - - - - - 

B NK = NK+ 
----------C All-B0-0----, -k- F - )-----------------------------------...-- - - - - - - - - - - - -- 

OO 25 
29. COINE 

C 
C - X PRFA E E R - REOWE ONE OF TH-BE RED. ... O BEC.S. - - - - - 
C 

- - - - - - - - - - - - -N-F-A-S-a---------- - --- - - --a----- 

IF (NK. T. ) GOTO 63 
CA C R SR-, -, -S)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

N = 2 
.C.-Fl. d) THE -(BEC-C-O SES - TO) -S. Akb. No. --O-RE.- THAN - 20--All-Ay----...-- - - - - - - - - - - - - - - - - - - - - - 

DO 229 Na NK 
--D-F-I-ABSL-A8-hyd-A-S-S-AbiyaS)- 

FK DIF. G. N. GOTO 220 

NINs 
- - - - 22- - - - - - COTHE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IF KN. E. 29) GO S. 
------- 

st AB KRs 2-2 
- - - - - - - - - - - - - -X-STAB (R)-2-2 -----------------...------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - 

FK K. T. 7) is 7 
- - - - - - - - - - - - - 00128-v-2----------------------------------------------...- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

DO 1.249 as 9 
24 CALL-B o 

C ERASE THE OLD MUMBER 

IF KNOW. E.g. ) GO TO 125 
CA. -- (TAB. 4- ) - LAB (N). W.) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CALL MW (STA8 k + 1 ), STAB (N, NOW) 

- 250--------e. -m-- --- ------ 

CAL BCOUNT (NK, FI) 
- - - - GOTO -25- - - - - - - - - - - - 

Z - ZERO--CH ROOS-94. --CO(N - - - - - - - - --...----------...---- . . . ... - - - - - - - - - - - - - - - - - - - - - - . . . . . . 
C 
C 
C 

-- 3a)---is 9- --- --------rrera- --rr 

GOTO 25 

- UICK COU 

259 PAR ( , ) is TO’ 
--------------P-A-R-3-)-s--4--------- --- - - - - - - -nur-- - - - - - --------- - - - - - - - - - - 
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CAL PARAM (3 PAR, 2) 
CA. APASE (2) ... - . . . . . . . . . - 
CAL PARAM (22 NX, OSPH) 
CA. COSE(A) - - - - - - - - - - - - - - - - 

CA EXT 
C -----...-CN-P --------------------, -------------------------------- - - - 
C 

- C - - - - - - - - O T. - a--SET --OBJEC - 4RES) D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C 
438 . . . CA. McPAR- RPARK-NRP - )-- 4-)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

HRP is NRP+ 4 
-- -----------CA. L. UPA-R-A-C-RP-RP-A-R-R-9-8---------------- 

RERUN, as 
-- . . . . . . GO - 25- - - - - - - - - - - - - - . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

EN 

t t t t + 4 + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ - - ------ - - 

t T 
: MOB x 
s 

: it k is a 

-- f'90s. --------------------- 
THE ORIEN AT ON MECHANISS, EACH INPUT OBJECT 

is FIRST EN to SED IN A M H H E clos G. RCTANGE THEN THE OBJE 
S RTATED TH II CATED RENTATION EASURE) 

AND THE R ITT EN OUT. CB ACC MATES A CHROMOSOE 

A 5 

DRCTORYE CONTAINING THE RESUTSF THE EASUREMENTS 

- SBR of NE OB 
C 

Coir ONMC/NOB, IIR 
- C0 to C M C HD R. SL BUF RGBUF, NS, N, CURON . . . . . . . . -- 

COO. NACASS TEST 
cott MoMMC MSPI on, SPTH, SPAREA 

C S A BUFFER FOR HOLD is ROTAE), NAGNIFIED OBJECT 
BYTE S-BUF (90. 50) . . . . . . . . . . . . . . . . 

C LRRGE BUFFER FOR HOLDING UNRORTE OBJECT 
BYTERGBUF c.98.99) . . . . . . . . . . . . . . . . 

C BFFER FOR IMO 
BYTE BUF (2124) 
BYTE OBF (22 4 3 

C NMBER OF KPUT OBJECTS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

INTEGER NGB 
C SYSTE PRRAMETERS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NEER SPARCS 
EQUE WALECE (SPARC ), N. S. (SPAR (2) NSI) -- 

C PARAETER BEY FOR DECODI NG 
. . . . . If ESE R N KEY, KEY ( t ) . . . . . . . . . . . . . . . . . . . . . . . 
C END PONT TRACKERS ( 8 FRACT ON A BITS) 

NTEGER XP N, 81A% Flk, Y.A. &S IXSPAX Y.S. N. YSPAX - 
C START ING & END ING SAPE TABLE 

NTEGER. 2 SS (88), EST (88) - 
C RAND) AREAS 
C RETURN CODE FROM ORIEHTATION SUBROUTINE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NTEGER RCODE 
C RAD I ANS / DEGREE - 

REAL RP) 
COPERATOR SPECIFICENTROfERE POST ON . . . . . . - r - - - - - - - - - - - - - 

INTEER PCS (6.2 ) ------ 

C OPERATOR FIP FLAG - 
CIA PFP (S9) 

c OPERATOR SPECIFIED ROT TATION - 
INEER OPR), (69) 

C CEHT ROMERE LOCATION ETHOD ------ - - - - - - - - - - ------- - - - - u--- - - - - - - - - - - 

I REGER CEH 
C SKELETON FLAG - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LOGICAL SKFG 
C SKELETON, SWITCH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OGICAL SSK 
C SKELE TO ROUTINE PARAKE TERS -- - --- - - 
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TEGER SKM I, SKET 
C. P. & PIM2 

REAL P, P HAF 

REAL EA 
LOGICAL, 4 -- --- - -- 

E. EP SEH 
EER Ek, BS SL - 

CURRE: OUP RE 
HTEGER C U R ON, B. CHRENT 

C PARAEER REA 
- TEGER PAR (593) . . . . . . . . . . . ... -- --------- - - --- v--------- a- - - - - -----, -ou --- v- - - - - - - Y - w - M - - - 

E AECE PAR RBF 

G IN PJ D REC GR 

SEGER R. 4, 6) 
r FS 33 C.K. R. It amm - - - ------ un 

TEER FB 
C E. m - - - 

I NTEGER 
C - I - I 1 - SAMPLE -- - v- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -m -- v- - - - - v-- - - - - 

TEER S 
is K-RITE--- 

TEGER B, 

CHROrosoME DIRECTORY As its for at 
NEER CHR C S S 

CBOCK NUBER OF ST LINE OF OBJECT -- - a way-----------a mum 
TEGER BLKN 

- C - BER OF SAPPLES OBJECT 
TEGER D RS 

C. UBER OF NES OBJECT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ITEGER IRL 

C ENGTH OF CHRORSOE ------- 
INTEGER LENGTH 

C NTEGERATED OPT ICA DENSITY . . . . . . . . . . . . . . . . 
EGER 

C CENTR9 MERIC INDECIES . . . . . . -- . . . . . . . . . . . . . . . . . . . . . . . . . . 

TEGER C , C , C. A 
CER MERE IN E YUBER 

INEGER CEN 
C. PERIETER - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NTEGER PER 
C AEA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . . . 

TEER REA 
CPER HE TER SARED BY DED BY AREA wn 

NEER PSA 
C. CENTROPERE LOCATION PETHOD . . . . . . . . . . . . . . . . 

EGER CEETH 
C PT tii 4U ?till AXIMUP AREAS FOR CHRO Mosor Es 

TEGER AXA, OA 
CBESEE ESM Rt. ATIO. HC&EE 
C SAPE ACC F ORS 

if E GER DEN Age 8), AREA Aces, ACCi is 
E: I - ECE (DEA c : ) . A C K . . ), (AREAA ( ), ACC 99 

C T OTA AREA A8D TO A BESTY FOR NORMAL 2 
--------------- 

ife ER Tases, ripe 

: accurultors For CAL CULAT is ca and cin 
C HTEGER cDER, CAREA - - - - - - - - - - 

-: SPREAD fieasu REENTs --- - - - - - -- a---------------------------------. 

C REAL SPI oD. SPAREA, spri -- 

i short ar. INDICATOR - - - - - M 
C 

N E E R S HR 

RAD ). AREAS 
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EGER CEN CENP. S. PER 
RER L DP N C 
B E E (28) 

C REFEASUREMENT CHROMOSOME SELECTOR 
OGICAL SEFL G, SEL (63) 

C BATA STA ENTS 
C 

DATA DPCM 2.82 Sa 
DATA MAX CHR/69 . . . . . . . . . . - 
DATA NKEY/ a , KEY a AR", RO", " FL', 'C', 'L', ' Sk, ' SP", "SE", 
LD ' ' ' ' HDM - - - - - - 
DATA SKI IN/6M, SKDE 27 
DATA DM 3M, RPD/, 0 7453, PM3. 14159/. PIHAFM . 5798/ 
DATA F By 7 v, v27, S737, LB A 47 
DATA DELTA. e5 236/ 
D A TASKFLG.FALSE. 
DATA el K80/ 1 / DI RMS M2/, DIRN/3/, LENGTH / 4/100/5, CIL/6/, CID/7/ 
DATA CIA 87, CEL INM 9. PER I 9M, AREA/ii, PSCRAM 2/, CEETHZ 3/ 
DAA OPF (Pa 69 - FALSE. a, P CEN/62 : , PROMSO/ 
DATAMAX NY 887, AXNSW 8S 7. CRENT v 57 
DATA SELF LGM. FALSE.2, SEL/6 as FALSE. . . . . . . 
CALL MW cob J. : : REJECTEB is . . .28) 

C NT ALIZESPREAD FEASUREEN fs 

SPI Og 
SPAREA =0 . 
SPs: 
CUROLNs a 
NC= 3 

INITIAL 2ECHRMSE DIRECOR 

CALL TIA (). CHR, SR CRE) 
MIK (As 33 
MAXOA a 2992 
CMETH a 38. 
SSKs FASE. 

22 FA T S L - No S KELETON AND IDTH TO LOCATE CENTRO MERE C 

C RETR EVE PARAKE TERS AID DEC obs 
C 
s S5 CARPARAM (P - PAR 5028). -- - -m-, -- 

IPs 1 
19 IFK IP. GT NP} GO TO 50 

PNs PAR (IP+2) 
20 12 J= 1, KEY - - - - - - - - - - - - - - - - - - - - - 

FK PAR (IP). EQ. KEY ( J } ) GO TO 5, 18, 2, 24, 32, 49, 4S, 47, 5 , 54, 57), J 
12 N T E - - - --- - - - ------ - - - ------------- - - - --- -- 

C IHYAL ID PARAMETER v - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
13 - CALL TYPEc PARAMETER ERROR) - 

GO TO 9S 
C ------------------. -- 

T PARAMETERAR - SET II As I BJECT REA 
... ...... - . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

5 MINO Aa. PAR P-2) 
MAX.0 AsPA R (IP+3) - - - - - - - - - - - - - 

Psi P+ 4 
Go Tn 10 

PA 8H (1E, EP ROTA - ROT A FE SPECIFIED OBJECT PRESCRIBED AOUNT 

18 IF c. 1 PM. T. i. OR I. P. G.T. MACHR) GO TO 13 
Ks PARC IP + 3) a DP NC 

. . . . . O PROT (IFY) = K-4 
Tis PIP-4 

GO TO 

Pa Rifi ETER FLIP - FLIP SPECIFIED OBJECT 

l, IF & P. i.) R. P.G.T. As CHR) GO TO 3 
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0 PFL IP (IPN) a RE. 
- T 25 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
C. PARASTER CIL SET CET ROMERIC INDEK . . . . . . . . . . . . . . 
24 IF P. T. . OR PN. G. ACHR) GO TO 3 

PFP IPN) a FASE - - - - - - 

25 OPCE (IPN) spa R (P+3) 
0 0 1s 

c 
C. PARE TER LL - QCATE CENTRhEREBY ETH 
C 
32 CERs 88 

SS K = FALSE. 
v - - - - - - - - - - - - - - -it?--------------------------------------------------------------------------------------- - - - - 

GO TO 9 
----------------------------------------------------------------------------------------------------------- 

C PA 2AMETER SK - TPUT SKEE to PCRES 
C 
4e SKF is . RE. 

- ---- PIP2------------------------------------------------------------------ - - - - - - - - - - - - - - - - 

G0 O 9 
- - - - - - - - - - ------------------------------------------------------------------- - - - - - - - - - - - - - - - 

C PARA ETER SP - SET Scete T N PARAME TERS 
C 
45 SK4 is PA R (P + 2) 

SKDELTs PARIP +3) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IP's P-4 
- - - . . . . . . . . . G. T. - ...-------...------------------------------------------. - - - - - - -m- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA&AETER SE - SELECT CH ROOSOMES FOR REEASURE ENT 
C CE - HIS PARAMEER ASSES THAT A CHRO SOE RECTORY 
C EXISTS FRO PREYOys figs BING gard R. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
47 Kap A R & IP +2) - - - - - - - - - , , --, - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

IF ( . . . T. 1 OR. K. GT 69 GO TO 3 
-------- f'...E.------------ - - - - - - - - - - - - - - - - - - - - - -nm- - - 

IP = P + 3 
D) 48 is K - - - - - - - 

=PARC P) 
IPs P+ 1 . - 
SEL () is TRUE. 

is . . . . . GOTIE - ----- - - v- - - - - - - - - - - - - - - - - - - - ---------- 

GO TO 19 
... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C PARAMETER D - LOCATE CENTRERE BY DENSTY 
C 

C PUT 1 AX NL IN LABEL SO COPY y I slo T CAUSEF 374 

5 t CLETH so 
SASK as FALSE. -- - - - 
IPs IP+ 2 
GO TO 18 

PARA: ETER PU - LoCATE CENTRO MERE usi Nc DTH AND Hop Elc scELEToy 
4. Chi E H at 88 

- P+ 2 
SS K = TRUE. 
GO TO 9 

C 
C PARRETER D - LOCATE CSM TRO MERRE US Nc DENs TY AND MODE (SELETO) 
C 
57 CETH 

Ps: I P-2 
SSKs TRUE. 
GO TO 9 

PEIATA SETS 

9 CALL AFIL Ec Du F, 5, UCR . . . . . .3.3 
CALL AFI L E ( OBUF, 1 RCR , 13, 3) 
CALL OPEN CBUF, 1924. . . e. ucs' 
CAll OPEN (OBUF, B24, 1 , , RCR } 
CALL GABEL (BUF, SPAR, IB) 
SPA R ( ) is 125 

CALLP. As EL (OBUF, spAR, BUF (1st)) 



4,122,518 
151 152 

NROBDRECTORY 

CALL GET (BUF, , I B) 
c All My BUF (IB1). Nos. Axch Reef-2) 
CALL Gef (85F, 2 B) 
DO 55 08 . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SS CHR PER, W2 (BUF c. 824 (-2)) 
-- - ------------ IF ( 0 T. SEFLG) GO TO 60 

C READ PREVIOUS rob RESULTS F SELECTIVELY RE-MEASUREING 
C 

CAt GET (OBUF 18) . . . . . . . . . - - - - w - - - - - - - - - - - - - - - - - - - - 

CR. W. (OBF c. 3), SPOB 2) 
- - ------ - COLR2 0Bf B 52 -------- - - - - - 

---- Cs W2 c6 BF (IB) 
CAll W. & OBUF (IB+3), CDR 11) 2, 1530) 
CA ET K F, 2 IB) 
CALL WLKOBUF & IB+3t) CHDIR (131) 295.38) . . . . 

62 COT NUE 
-------- ------------ --m--- 

C 
CAI PROGRAP LOOP - EXECUTED ONCE FOREACH OBJECT TO BE HEASURED 
C 

- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - 

589 is NO 
---. f. f6 9.79 ----------------- 

F ( .. NOT. S.E ( 3 ) GO TO 5 
SPID=SP i o)-CHDIR IB, N) . . . . - - - - - - - - - - - - - W - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SPT's SP H-CHI Rc S. N. 
SPAREA = SPAREA - CHDIR (AREA, - - 
C = C 

- - - - ---------------------------------- 
C 
CINITIALIZESTORAGE FOR THE OBJECT . . . . . . . . . . . . . . 
C 

CALL TIA (99, SST MASHS) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA. T A (), EST, AXNS) 
-- CA. IT I Ace RGBUF, 98-99/2) --- -on 

a 
RSse - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
C READ A PROCESS OBJECT BLOCKS - - - - - - - - - n- - - - - - 

C 
... k.kse . . . . - - - - - - - - - - 1. 

r -- - 

Bls - - - - - - - - - -- - - 

I FB = ID IRFB, N) 
I LBs D R C L8, N) 
INS = R (SN) - 1 

C READ EAC 8 OCK ONE SY 0. 
C - - - 

BO 4S BK-FB, 9 
CALL GET ( B.F. BLK, IB) 
SEG's 2 (BUF B+ i) ) 
Is Bt 3 

C 
C PROCESS EACH SEGET TH IN THE BLOCK 
C 

... D0 it 2 Is NSEG - - - - - - - - - - - - - - - - - - - - - - - - - 
Fc L. E. W.2 (BF c. 3) ) 1 

--- I is W2 (SF ( ) ) --- 
St B+ 

. . . . . . . . If c B. GT88) GO 94.90 . . . . . . . . . . . . 
8 Ste W2 (BUF ( II + 2) 3 - N INS 

--------- F (B.S. 3) . GOTO 49e - 
C GEORE POSSIBLE B G FOB OUTPUT DATA to to this to 

--- IF (SST (BL). E . 893 SS (BL) as BS - 
NSAP = IW2 (BUF c. 443 
F&NSA P.G.T.88). GO TO 49e - - - - - - - - - 

(Ks KKNSAP 
- EST (BL) is BS+NSAP-1 . . . . . . . . . . . . . . - - 

FKEST (B). G. AS GO TO 49 
C 
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C TRANSFER SEG ENT IRT RGB 
C 

CALL vic sufti is), Rice of assis, saps - - - - - - - - - - 

. . . . . . ESSRSAFP/2 2. HE. ex SAMPaMsAMP 
f 49 a + NSAP +8 - - - - - - - - - - m r - - - - - - - - - - - . . . . . . . 

... 5 CONTINUE 
C 
C RE.JECT los JECT IF IT IS-100-St All-OR-T00. LARGE.--------------. - - - - - - - - - - - 
C 

c. . . if KK. GT, MAXOA. O.R.K.K. Lt. PINQA GO. To.4 se...... . . . . . - - - - - - - 
CORIET THE OBJECT 

-- - - - - - - - - - CA ORICB&LRGBUF Seisy F -ssic PRM2 B O PROIN), RCD Ey. 
NSS CHD R (DRS, N. - - - - - - - - - - - - - 

N is CHDIR (DIRNL, N. -- 
If (RCODE. E. 2) Go TG 49 
NCs. C+ --- "r - r ram war r-----msm-----...... w-m- - """Trrow-m-r- ------...-...-ul-........ 

Built. AccurulATOR TABLEs . . . . . . . . . . . . C 

CALL ACCSJB SPL BUF, NL his AREAA, DERA. TAREA, TDE c - - - - - - - - - - - - . . . . . . . . . 

ESIP APANALYZE THE SKELETON IF Locat NG 
C T E CENTROPERE BY DESY 
C 

NET His 
ASSUE OF ERATOR SUPPLIED CENTROERE (sETET 

CEa. OPCEN (N) - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . 

IF (CEN. N.E. e.) GOTO 17e 
C CHECK FOR OPERATOR suppt. ED CENTRORE 

- ETHse 
SET FEThe FOR AUTo Aric terro 

F. NOT. Susic) Go To so 
CALL SKSU8&SLBtjF, NL, NS, RG6 F. CEN, E 
IF (CEN. M.E. ox co to 25e 

THE FREVIOUS ST&TEMENTS SERE COMMENTED OUT To MAKE NORE ROOH 

A.S. Seber, cer 

LOCATE CENTRO MERE BY ALTERNATE HET Hob 

5e ASSIGN 65 TO LOOP ---, --- m-------------------- 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C - 

C LOOK FOR CENTROERE IN M I DDLE HALF OF IMAGE . . . . . . 
C 

- Sl is (S- (SS/2) + 1 M2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

C 
CFI I IMU ------- --- ------- 

155. . . . .CONTINUE -- - --------------------------...--------------------------. . .--------------- 
NS2 a NS-NS - 
IRAs ACC (NS1 chETH) - 

O is = S, NS2 
------ F (ACCC - CETH). GENA O TO is 

MIt A=Accc I4-CLPETH) 
CEa 

ls ----COTIE. .................. --------------..................................................... 
GO TO GOP 

C 
Tc CENTROERE HAS BEEN TE Tar I y E.Y. LOCATE. T is correct 
CIf The OF THE ENDPo NTS. If IT IS AN END PONT Look . . . . 

FOR A CENTROERE TH AN INDEX BETEEN .. 7S AND . 87 
C 
65 F& CEN.R.E. NSi ...AND CEN. N.E.NS2) cord 23 

ASSGN 23) ) OOP 
NS1s (NS 473 T 
Go To 55 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ADJUST CEHTROERE AS REQUIRED EY to PERATOR. 
c 
C. 
C 

If CHDIR ccEN. I.R) - LT. 3) CERNS-CER+ 1 - 
CAUST FOR SHOR f AR ORIGHT R Gatly 

MIHA = Acc (CEH+CLETH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . 

C LOOK 6.NE UP AND Doy To SEE IF THEY ARES ALER 
IFK ACC ccEN i + c LETH). LT. IHA) GOTO 80 
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F (ACC (CE- + CME). TNA CE EN 
GOTO 258 ----- 

33 C E is CE. 
GOTO 250 - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
c. CHECK FOR DUPLICATE Pi i I MA AID TAKE AWE RAGE IF so 
C 
239 Js a - - - - - - - - - - - - - - - - - - - - - - - ---- -- - - - - ------- - - -------- 

CEF CE 
Do 248 I = CE RP 1, NS2 - - - - - - - - - 

F & ACC CI+ CEF). NE. INA X D TO 24 S 
24 Jarj + i. - - 
2.45 C E = CEN a 2 
------------ 
CNEAS RE THE ARS 
C 
253 CALL DPT (SMLBUF, HL, CEF. LB2) 

CAll DPT K S BUF, NL 1 lb 1) 
CAL DPT SMBF, L, NS, D 3) 
A 1LTH SQRTC (CE-5) e2+ c FLOAT (2-LD ) ) as2) --- --- --- 
A2. TH= SQRT c (RS-CEN+. 5) + c2+ (FLOA (0.3-L 2)) to 2) 
CHRL TH-Ai LTH+A2. The . . . . . . . . . . . . . . 
CMR2 9). A LH/CHR. H. S. 
SRT1 . . . . . . . . . . . ...------...-----------------------------------------------. 
FK OPCEN (N) : EG.) COTO 25) 

C F I RD SHORT ARM FOR OPERATOR supf IED CENTRon E RE - - - - - - - - - - - 
IF CE IN H) . . . . SHR Ast - 1 
I F FF Li F (N) SHRTA a -SHRTA - - - - - - - - - - - - - - - - - - 

GOTO 255 
26 F ( C. R. GE, 53) Sh. As it . . . . . . . . - - - - - - - 
2 S5 IF (ICMR. T. S9) I CMR at 0-CMR 

IF ( C R. G.T. 99) CMRs.99 

C CACUAE C AND CA 

CDE is 
C REA, a 3 

... ... 9. 29. Is CE . . . . . -- - - -- m ---------------- 
CDEN CEN+BENA c) 

279 CARE As CA REA+R RERA. - - - - - - - - - - - - - - - - - - - ----------------------------------------- 

R = ( ( 298, CBE) - c. 60. woA (CEN) FOAT (TEN)) M ( 2. TEN) 
IF (IDR. T. 5) IDRs. 80-pr 
I F ( DR. GT. 99) BRs.99 
I ARs ( ( 299. CA REA) - c 0, AREAA (CEN) ) (FLOAT (TAREA) ) MFLOAT (TAR EA AREA) 
Fc R. L.T.S.) AR u - AR 

If c I AR GT.99) IARs 99. 
C 
CADD EASURE ENTS TO CHRONOSOEDIRECTORY... . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
I FCSHRA. E. - ) CECENNS- ---------- 

C STORE NEGATIVE CEN TO FA SHORT AR ON RIGHT 
- Ch9RCE as CE.------------------------------------------------- 

CHB Ric LENGTH, N) as CHRTH S 
. . . . . . CHPIRIOB). TDE . . . . . . . . . . . . . . . . . . .---------- 

CHBIR (AREA, N) as AREA 
--- CHI RC CIL, Nys ICR 

CHE IR cc A NEAR 
- Ch IRCI bids PR --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FPERs CHDI RC PER, N ) 
FPSDAs (FPERFPER) / (TAREA 5. FPER) . . . . . . . . . . . . . . . . . . . 
F (FPSDA. Gr. 327. FPSDRs 32? 

C CHECK FOR INTEGER OWER FLO - -------------- - 
CH) IR (PSGBA, N) as 09. FPSDA 

- - CH) IR (CEETH, ) is ETH . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - V - 
C 
CADE I DIW IDUAL PEASURE ENTS TO SPREAD HEASUREMENTS . . . . . . . . . . . . . . 
C 

SPOD is SPID+T DEN -- 
SPAREA ssp. AREA + AREA 
SPL TH2 SPH + CHRTH . . . . . . . . . . . . . . . . . . 

C 
C S T ?h: CHROPOSOE JP AND SITE IT TO ROTATED FILE 
C 
- S.------------------------------------------- - - - - - - - - - - - - - - - -- 

PE at 24/ 
CHS I R ( 3.0, N} s CURO 
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383 CALL PUT ( OBUF, CUROLH, IB 
CURON-C RON. 1 . . . . . . . 
IF (SKF GO TO 30S 
CAL CHROUT (SBUF OBUF ( 8 + 1} , N.S.N. P.S. P. SRTR .99) -- . . . . . . . . . . 
GO TO 31 
CA. CHROUT (LRGBUFOBUFC B+1) NS, NPB, P, SHRTR, 98) . . . . . . . . 395 

318 corrihue 
IF (IP. NE 8) GO TO 302 . . . . . . . . . . . . . . . . . . . . 
GO TO Se 

- C. --- 
C OBJECT BY PASSED 

499 CONTINE 
- - - - - CHPIR (BLKHO, N) re. . . . . . . . . . . - - 

CALL OTCON (N E (7), 2) 
CALL OUTCOM (KK. E. c 22), 4) 
CAL OUTCON (N, EK25), 2) 
CALL OT COM (NS, EMK28), 2) 
CA TYPE (EM, 2.8) 

C - 

C END OF PRI H LOOP 
- - - - - - - - - - - - - - -- - - - - - -- ----------mm 

58 COR INUE 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C UPDATE CHRONOSOME BIRECTORY ON DISC 
C 

CAL P J T ( OBUF, i, IB) 
---...- ... CALL ITL 2 (NOB, OBUF (IB+ i) ) --- ---. --------a- 

CA T2 (CJR), OBUF ( e+5) ) 
CA. ITL 2 (NC, OBUF c. B-17) . . . . . -- . . . . . -- - - - - - - - - - - - - - - - 

CA MW (SPO, OBUF (843), 2) 
- - - - C.A.L. Y. (CHDR (11 OBUF cB+31). 2039e15). . . . . . 

CAL PU f(OBUF,2, BS 
--r- --w CALL W. (CHR ( , 31, OBUF (I B+ 31), 2830s 5) 

CAL CLOSE OF) 
- - - - - CAL CLOSE BUF) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 

EASURE EHTS coPLETED . . . . . . . . . . . . . . . . 
C 
9.SS CON INUE 

CA EXT 
END 

C 
--G---------------...-...- ..... - - - - - - - - - - - - - - - - - - - - - - - - -- - 

C is k 
C - CSFY. g. - - OPLE-T / Co. 25- - - - - - - - w a to pa - - 
CN 
C - the k . . . . . . is 

CASFY PROVIDES THE CLASSIFICATION ECHAS FOR THE CLIN CLA 
AS SfSTEP- - - - -FS - RPF--ES - T-E--CHR 8-le-S0EM--Bi-RCFRY--PROD-ye E9--8 Y-- 08-- - - - - - - - - 
AND I TS QUTPUT CONSI STS OF THE RESULTS OF THE CLASSIFICATION PRO 
-CEURE-- CH-- S. J.T LIZED-BY- KTYPS-r-g- PROBUSE-- THE--KARYOGRAH----------- - - - - - - - - - - - - - - - - - - - 

------- 

SUBROUTINE CLASF 
- - - - - - - - - C9-0NWC 1-a-G-G-G-0 FG. --C-T-I-Te------------------------------- - - - - - - - - - - - - - - - - - 

COONM C 1/N 08, SPOD, SPTH, SPAREA, CHR, OF 
- - - - - - - - Co-01-C -a-SO-FLAG-G-B-SD4-SR, OFS, SCL., scs----------------------. - - - - - - - - - - - - - 

C U-8&R-9F--CHR00so ES-----------------------...-----------------------------------...-...---------------- 
C 

- - - - - - - - - EGER-00-------------. -------------------------------------- - - -----...----, -, -------------------. 

- - - - - - - - - EGER. Chi-IR c. 15-60 -----. .----------...--...--------...---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C FOR AT OF DIRECTORY - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - -80C-NO OF-FRS-T-Block-or-Al-os-JEc- --- - ------ ul--- ------ 
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NTEGER BLKO 
C. NUMBER--0F. LINES - 08.J.C.------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

INTEGER D RN 
C- BER - OF . SR 2. ES- N. O.C. - - - - - ---------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NTEGER BRNS 
. .-C-COSOELEC 4--...--- 

IEER LENGH 
C E GERE)--0. P. CA. DESY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NTEGER 3) 
C CER OER C NSX. BY LE&G T . - - - - - - - - - - - - 

NTEGER C 
C-CERO R-C-NSX-B -- ENS-T Y. 

N E E R C ID 
C. CE TRER C - F). EX-3 AREA . . . . . . . . . -- - - . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

TEGER CA 
C CENTR Gi ERS. Li E. HUBER N OR GNA. F. CTURE - . . . . - - - - - w - 

I N EGER CEN 
... - C --PERI-4E SR 

INTEGER PERM 
C. AREA - F-C 4ROS-- - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

INTEGER AREA 
C. PER-2a. A REA ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Nf E GER PSDA 
... C--O-D-RECTOR. E. RI-ES-FOR EAC-CROS-9 - - - -------- 

NTEGER CRENT 

C O BFFER 
C -- - - - - - v- - - - 

BYTE OBUF (42a0) 
RD REAS 

NTEGER SPAR ci) 
BYTE CIL (27). 
NTEGER SLS 2, RECS 2, FSF, SX 

--------------TEGER SCSF.C.- --- - - - - ------- 

INEER GNA (2) 
S.E SG (29), FSG c 36), S.S. c. 39), PE (22 ) . . . . . . . 
NTEGER KG ( 9), JG ( , ) , I ( 2), KF A L ( ), JF A L. ( . ) 
if E GER. ( 29, 5i ), CT (2), S - A C ( 3 ) - A ( i) - - - - - - - . . . . . 
REAL ST (1 

-----------------GER-I-S-2)--49-44)--O-S-53)-N-D-S-S-3).---------- 
ITEGER SCS c.99 X, SCLT (5), XTB (48), SR (6), CIG c ) G c1 | X 

- INTEGER-S D4-c. 99) -0F C-275). CfB K 60 ) - 8 (60) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
NTEGER AC is . A c. 1) N. c. 13. A c. 10 ) , CA ces 

. . . TEER OFS (9), PAR (99), EY (19).------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LOGICAL GI) ( 9) 
-...--TEGER. Y INT 275), Yb B 1 - 

C CA. EBG NOX 

DATA STATE HEMTs 
ATA GM 1 a 1 1/2M 21, NT2M 2/NGT2M 9/, a 'Y a 

- -ATA-Biha - alsT462 - 2 - 25 e 1-, 2t2a-1, 24 e-A- 
DATA CT / 22 h9, 1840, 68, 9.9, 1898, S8, 99, 1648, 

-...-------...- 158.67. 68-99. S. S. 674-68.991--------------------------------------------------------------- 
1 16th 3, 59, 67, 68, 99, 1408, S2, 82, S, S7, S8, 99, 14 th, S2, 84, 5), S7, 68, 

------. . . .299. 12 - d. 85, 99.57, S7, S2, 8.5ie, 67-91. S9-1 less SS).55-67, 62-84. --------. . . . . . 
359, 63, 8 99, 3: 8, 81, 99, S4, 67, 62, 84, S, SS, 1289, 8, 9.9, 54, S7, 

------462. 31, 5 a.57 2A, 82.93. 54, 67. 62.8 t. i. 55 leaf 5. 791. 3. SS 
554, 67, 62, 8, 4 & 9, 8 9, 58, 79, 89, 99, S4, S4, 14 0, S9, 79, 82, 99, it 6 8. 

- 652.79. 83-93. She 52.79. 80. 99.63. 359, 79-8e S9 is a 2.579 ----...----------------- 
789, 99, 4 00, 73,79, 5), 79, 89, 99, 2: , Se, S9, 70, 79, 53, 9, 4 the 
853, 59, 68-79, 53, 79. 4 & 8, 58,59-58.79, 56.68 4 the 58-59 - 68-79.- ...----------------. 
S56, 68, 1 4 3, 52, 59, 68, 79, 58, 68, 12 0, S8, S7, S0, S9, 68, 7.9, 58, S8, 3 tie 

.---------.59.56-58-67. 58-59-58-79 58-68 1858-56-58-62 a 50A 59-68 
79, 58, 68, it 3 s 2, 58), 56, 55, 67, 50, 59, 68, 79, 12 O, S, SS, SS, S7, S9, 

- . 1-59 - 6829-24: 0.53-56-55 - 67,50-56-68, -79-288-38.56-55-62, 50--------------------- 
58, S8, 79, 12 at 53, 56, S5, S7, 6 is 50 SS, S5, S7, S8, S), S7, SS, 67, 

- - - - - - - - S - a 58-57, 55 67 6.0. 5-57 55-671-6s, 59-52-55. 67-68-- - - - - - - - - - - - - - - - - - - - - - 
153, 57, 55, 67, i. 610, 53, S7, S5, 67, 1 Sve, Se, S7, SS, S7, 6ts), 59, S7, 

--------------i S5-67-6-5-57. SS-62-160- 50-57-3894- ma-------------- 
DAA MCTM eate 9, 18 2, 7, 9 s 18 to , 7, 99, 18 to 799, 18 he, 7, 99, 
S 8 k3, 22.99, -83, 7, 99.16 k3, 58-66, 76, 99, 418, 53, -78.50. 6-S, 289, - - - - - - - 
3 14 B 53 78, 58. S. 4 2, 52, 60, 53, 78, 59, 66,28, 
5 l2 + 850, S3, 53. 78, 5.3 S6, 12 v.2. 68.99, 59.6853, 78-53. 66, 29, - 
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7 8 , S2, S, 6, 99, S, 69, 4 r8 S, 7S, S8, 9 S, 53 6, St. 
... ...-----.S.-8: -5-258-99-8-8-5-2368-9-8-------------------------- 

a , 5), 5, 9, 99, S: , Se, S, S8, 999 ), 
3. 8:8, 59.5, 63-99 8 - 8 S-te-68. 28, 5-75 --80,-- - - - - - - - - - - - - - - - - - - - - 
5 4 x 2, 50, 5, 6 e, 78 5s, 69, 2: 63 7 S. S. S. 78, 69. 68 le), 
? . . . ). S3, 7, 58, S8, 68-8. 68, 68- 12th 63, 7-59. SO 68-78- S0-68. 89 - - - - - - - 
9 5), S5, S3, 7 S, 5, 68, 73, 5, 68 ), 

-------...-9-58-65-6-7--5-6-68-78-1-2------- 
5, 65, 63, 71 50 6, 68, 7.8. 2 to S), S5 8 a. 

v- - - - , - - - 3 - 5 S5-8 to 59.55-1888, 5-65-185-65 - 88-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
7 5, 65, 8: S, SS, 18 , S, SS 8, S, SS, 9 to 2007 

-------...-...- BATA-MAC a 63-66-57, 72-65. 25.56-67. 57-881 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ATA At a 34, 29, 27, 27, 21 9, 6, 15, 3 8/ 

...--ATA ST / -5.9-3. She 37-5 4s. 55-65-25-9-1 cata -- 
DATA SLS ZAM, SCSFM a AKN SOMS. 2/, NSOMM 

- - - - - - - - - - - ATA - Gaia. A . . . . . . A2-...---- A3'-- - - - - - - - - . . . C. '... . . . . -- - - - - - - - - - - - - 
El 6 E , F , G 

-----.... ... - ATA - XTB1.1 2 5, 6.9 le. 3-14.5-5.9 2-2-2223-24-2S --- - - - - - - - - - - - - - - - - 
28, 27, 28, 29, 3, 3 32, 33 34 37 38, 39, 4, 4 42 5, 6 

r. 295 SS2.SSSSSSSSSSS S S 9 a . . . . . . . . . . . . . - - - - - - - - --" 
52, 6 54, 73. S. 89, 58, P2, 57, 89. 

DAT - A M 438, 31 29, 23. 8 - 15-3-1-9/. 
DATA 12, 2, 2, 4, 5, S, 2, 4, 4, 1 
A. A AGa22, 2 - 4 - 6-6-2 4-4-5/- - - - - - - - - - 
DATA CABM 18, 9, , , ) a 

-------AA-sa FALSE-AB8ECAFALSE-A-RECS 2A 924 a -------------------- 
ATA B KROA M RNM2/, RS/3/ ECHA 4M MSM C M S/ 
DATA C M C I AM 8M. CELAM, PER a a AREAA M PSOAM 124 
DATA CHRENTM 5 
DAA FSF/8A (SOFA M, SE.5aM-N.Ya 9a 
SR a 

-----------SR-2) a 9------------------- -----m 
SR (3) a 3 
SR 43 s55- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
SR 5) 3 

a - - - . . . . . - SR 46) 9 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

O 2 a 5 
-2-S-Cl-)-3-0--------- 

a As 
- - - - - - - - - - GiB (2) a B- - - - - - - - - - - - - - - - ---------...----------------------------------- - - - - - - - - - - - - - - - - - 

GD (3) a C 
- - - - - - - - - - - - Gilb (4) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GE (S) is - 

G. c. 7) is F 
- - - - - - - - - - - - - - - Gib-8)----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GB ( S) a U 
- - - - - - - - - - - - Gib-e-40s - - - - - - - - - - - - - - - - - --------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CAt c A- A-2 As a 4 B-S C- 6 - C-8 
--C-9-C-4-9-G-C-2---a 30a 4-bal-S-Eas-a- 
1 E- 8 F-9 F-22 G-2 Ga-22 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -S-94-18-- - - - - - - - - - - - - - - - - - - - - - - 
CALL W SIPLE OVE FRON TO SS 29) 
CAL-- - - - - PLE - O - FRO- - - - - - - - - -FA-E--- FSG 36- . . . . . . . . . - - - - - - - - - - 
CA. W. is a GROUP is , C, 2 

----------C-All-----G9-P-PS-9-FR-9 to 9-cis-e-SUGGSEBest-S-S-G-39-)- 
CA. W. C. CTS XCSCRGOSCON NSOS, AFENESzy " , EY, 39) 

- CALL W K-9-sis--PARA - ERR--- Ps-- - -Ps 22-)------------------------------ - - - - - - - - u m - - - 

a 
- - - - - - - - NS0 460- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

0 it iSO ARE DETERNINE AT HAT CALLY, BUT A LARGER NSo I S. Dic 

C GE PARAMETERS 
- C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

99. CO. T LE 
m CA. RPA R A CNP, PAR- See, 9 . . . . . . . . . . . . . . . . m no r - - - - 

Ps 
- - - - - - - 3 -04-E.------------...-. 

IFK P. GT. P. GG TO 7. 
28 J 1 like-Y - . . . . . . . .---------- . . . . . . . -------...-- - - - - - - - . . . . . . . . . . . . . . . . . . . . . . 

If (P R (IP). EQ. KEY ( ) GOTO ( , 2, 3, 4, 5, 6, 7, 8, 9, 15, 
i 8 - 238 399, 430, 1568, -5 te, 52-53.e., 1549), 

2 CONNE 
-C------ --- r - man v- am van- ----- - - - - - - - mem roa-- rom . . . . . . . . m -- a-vu 

C PARAE ER ERROR 
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-- C- - - - - - - - - - - ' ' - - - - - - - - - - - - - - - - - - -r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... . . . . ... --, - . . . . . . . 

25 CALL OUTCON (IP, PEP (223, 3) 
- - - - - CALL PRN (PE4-22) --- ......... --...------ -...---. . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - 

GO TO Spse 
--C------------- 

C PARA ETER CT - ADJUST THE BEC So I TABLE ------ - - -------...- - ---------- - - 

-- C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

1 La PA R (P+2) + 
F. L. L. i. OR. I. L. G.T.S) . GOTO. 25. . .--...-. - - - - - - - - - - - - - - - - - - - - - 

O 20 s , NGT2 
a a - 

P = IP + 3 
33 I FC P. G. NP) GO - B 

BO 929 is 
IFK PAR (P) : E. A. () ) GO TO 3) 

29 CNT INUE 
---------00-18-- - - - - - - - - - - - - -. - - ------------------ - - - - - - -- on- --- --- ---------- - - - - - - - 

1832 J J's 
C spAR (P +3) - - - - 

CK-fi, ) is PAR c P-23 
Ps P + 4 
GT) 2 

C- - - - --- - - - - - - - - - - - ------- - - - - - - - ----------------------- - - - -amp - 

C PA RR METER NN - NO OBJECT NUMBERS OR CENTRO PERE FLAG 
C - - - - - - - - - - - - - - - - - - - - - - - - 

1 100 FA as 
... P.P. 2 . . . . . . - - - - - - - - - - - - - -- . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r 

0 1 0 
- C - - - 

C PARAP ETER SO - SET OF OUTPUT SAPES 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

1290 NSO a PARC P + 2) 
. . .---- SOE as . . . 

203 Pat P +3 
- GT - 18------ 

C 
-- C. PARA ETER. S. ---.SET--SO. D. S. - - - - - - - - - - - - - - - - - -...---------------------------...---------...----- 

C 
... .138. -----0-1310-I. 9 all-...- . . . . . . . . . . . . . . . . . . . . --- . . . . ... ------------------- - - - - - - - - - - - - - - - - - - - - 

312 SB 4 ( ) a PAR (P+ i + 
- - IPs Pt Az- - - 

GOTO 
- C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 
C PARAETER PA - PRE CARYOTYPE 

.C. - - - - 

1400 SEx 
- all-pri Pt.2-----...------- --- -- --- --------- 

GO TO 1 a 

PARAHETERFE - FEMALE KARYOTYPE 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

1 see SEX-2 
----00-la------------------- 

C. PAREER. K. -- 0. SEPARA SN FROC. CRP. - - - - - - - - - - - - - - - - - - - - - - - - - - - , , - w- - - - - - - - - 

C 
S. Sua. RUS - - - - - - - - - - - -- 

CALL W 3 B ( C - X ) 
----------- - - - - - - - - - - E-6---------E--------------------------------- 

2 F F G S ( 3 ) 2) 
- T. 40 - - - - - - 

C 
C PARAEER BE Fr. BEBUG Op. O. 
C 

- --520-DEC-TRUE ------- - - - - - - - - - - - ---------...----...-------------------- 
TO 4 

C - - - - - - - - - - - - - - - - - - - - - - - - - - 
C PARAE TER S2 - SET SLO T S 2E 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

53e SLS 2x PAR c P-2) 
- - -----0---20---------------------- 

C 
C. PARAETER. W. -- 0WE CHROOSO-ES--AROUND - Firo - PREVIOS - KARY of PE - - - - - - - - 
C 
- 54 - Fc NSC. L. 5 by NSO YaSiOy. ---...------------. . . . . . . . . . . . . . . . . . . . . . . . . . 

OBS (NSW) a PAf2 (P +2) 
... x ... ESSMPRP 
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P = F + 
0 0 1 0 

C 
C PARAM ETER. S. a. SE, SLOPE - TAB E-- 
C 

- 2 - - - - -D-0-2-3-2-3---e.--C2------------------- ---------- -- - 
2 as ST ( ) is PAR (IP+ i + 3 a PAR (P + 2 - ) 

Pas P. G2 + 2 - - - - - - - - - - - 

COO 9 
- - - - 

C PA&E TR I - SSET it It Up OF CR Oil S. FDR EACH GROUP 
C --- - - - - - - -- - - - - - - ... ...------------------------m-------- - - - - - - - - - " " ' " 

3 B 0 3393 IE , N. 
3382 NC (- ) is PAR- (P + i + - ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IP = P + N2 
- GOT) 8 - - - - - - - - - - - - - - - - - - - - - - - - v- - - - - - - - - - - - - - - 

-C-PARAE TER -e SE-4AX 4- ). Of CROS FOR-EAC-CROU) ------- 

- - 40-49-98 - S -- C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
43 AX 3 c PAR (P + i + ) 

- . . . . Pr: P + NG2. - - - - - - - - - - - - - - - - - - - - - - - - - - -...- - - - - - - - - - - - 

GOTO 
- C - 

C PARETER CS - SET CENTER SAPES FOR EACH SLOT 
- C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S 30 S929 at , 98 
539 - SCS (-) RPARK-P-bid.). - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -...-- 

SCSF Cri 
- st-plub.S2 
GOO 

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C PARAE TER CL - SET CE E R NE FOR EACH GROUP 
C. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

6 O 69 a 3 = 1, 5 
... 6-33-2-S-C ---)-e-RA-R-G-I-P-4- ) --- 

P = P + 7 
- G- E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
C PARAE FER - R - - - -SE-T N T - A - S0-F - FOR- EACH - fee- - - - - - - - - - - - - - - - - - - - - - 
C 
-- - -7-09-?-2-3-3-is------------ 
79) is SR ( ) is PAR (P + i + ) 
- - - - - - - - Prs - 8 - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
C - A R RETER I G - SET IT A SLOT FOR EACH GROUP 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

8 0 899 ) = i, 2 
832 i. i.S ( I ) is PAR K P + i + - - - - - - - - - - - - - 

Ps, IP + 2 + 2 
G 3 

PRETER-...O.S.--A S3R. L. --SER-CROOSOS - Ng-SOS ------------ 

9 FSF = . . . . . . . . . . 
OF S:t P- P - 

- - - - - F - OFS. NE-49 - ). Of S.E 46-)-- Gog--895. . . 
C. SEE F 48 GR 46 CFS PARAMETERS ER SE 
-------0-890-s 1-40F S---------. 
8999 FS (XTB ( ; ) = PAR (P + i + ) 

C AL. O. FOR THE EXTRA SS 
GGTO 9 

895 CONTINUE 
O 99e r , 99 
F P 4. . . . . . . . to a 

S 393 OFS ( ) - PAR (P + 1 + ) 
P's IP 4-32 
CO) is 

C 
C PARAE TER CO - ADJUST COEEF CIENTS 
C. . . . . . . - - - - - - - - - - - - - - 
5 Do 7 1-1, 6 - - - - --- - - - - ----- - - - - - - - - 

CTA B C S = PA 3 (P + i + ) 
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7 COT NUE 
IF ( C T B ( , ) - C A B (2) + CTAs ( 3 ) . N.E. i. 20). CO 999 . . 
I F ( CTB (4) + C A B 5) + C B ( S) . E . . )) C T 90. 

------------. GO-T-4---------- ------- - - - ---------- ---- ----- --- - ww. --------- - - 

92 CA TYPE ( ' is CO EFF C E N T S NOT a . e.g. " ) 
CA TYP. c. 2' 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GO TO SS 9 
. - C - - - - - 

C READ IN CHRO HD SOE DIRECTORY 
--C- - ---------------------------------mirror--------- 

CA AFE c. CBF "RCR , 3, 3) 
- - - - - - CALL - OPEN C (SUF - 924. 1 ... - RCR.' ).----------...- ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CRL GRSE (OBUF, SPAR. S.) 
- - - - - - - - - SEF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F ( I. Os F ( B+ 4). EQ." 5) SEX= 
F - OBUFC 84 at-E-Q-96). SEX 2------- 
F ( Y c OBUF B+82) . NE. " ?1 Go O 777 

- C - GOTO. 777 - F - O - SOURCE - 3,-- S --29 --, ... COKEY.) --------...------...-- - - - - - - - - - - - - - - - - - - - - - - 
CAL W KFC, C, 1923) 

C - REP A CE. A. BES - T - MON KEY - A BES - FOR - SOURCE-9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CA KAC, A, 1.9 ) 

--------- CALL-El (al-Al-10) - -- --- 
NG ( ) - 8 

- - - As C1) = 1. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ST c. 19 ) is 73 
C. SE +Y GROUP FDR. P. SS BL. E . . . . . . . . . . . . . . . ... -- 

7 COT RE 
---------CR L CEI (OBE - B - - -- - --- 

CAL L (IOSUF (R+1 ), Nf3, 1 s) 
NCs. 2 (SJF c. 3 + . . ). X - - - - - - - - - - - - 

SP = SP LTH 4 MC 
SPD Das SPO - 4 SC - - - - - - -- - - - - - - - - - - - - - - - - - - - - 

SPAREA SPAREA a 45 NC 
---------CA- 'l (late. B4.3 i) . Cld -t-). 2 till 538). 

CA GET & O SUF, 2 B} 
C All F. ( i O B J F & I B+ 3 ( ) , . HDR ( i , 3), 2 s. 5. b39), - . 
0 0 7.2 s 1 - B 
CH3 RC L. E. G. H. = CHI R & Ei H, I) in 1988, MSPTH 
CHE) R & (i) ; ) at CHE) IR ( ( , , ) + i & 839 SP OE) 

... ---........ CB Ric EA- still R (REA) ...a 200... a SeaREA------ ........... -- - - - - - - - ----...---. 
2 CO UE 

IRIT ALIZE CURRENT 1 HDE: A: D INITIAL INDEX FOR EAch Group 
C ( ) 

-Il ()-------------------- --- ------- - - - - -- -- - - 

0 75 = 2, NG 
- CIC (...) FC I G (Is ) + 25. 

5 I GCI) - I k - 1) + 25 
C - - - - - - - - - - - - 

C SET UP SOT SI 2 E F NOT PT 
- C ----------------------- - - - - ------ ------- 

IF (SLS I2. EQ. 8) SS 2a 24 
. IF (S.S. 2. G. 28). SLS 2228 . . . . . - - - - - - - 

F (SS2. T. j. 2. SS2 a 2 
- - - - SEPat SS 2 a 3. - - - - - - - - - w - - - - - - - - - - - - - M - - 

C PA R SEPARA I 
... SC3 gest tess-22. . . . - - - - - - -- . . . . . " --- --- - - - - - - - - " - ... ... . - 

SS C2 = SCS } +SS 2 
3 O 752 is 3, 7, 2 
SCS c. ) is SCS c - ) - SLS 2+PSEP 

52 SCS c + ss S () --SS 2 
DO 5s a 1, 18 

- - - - - - - - ) 0- 754- s---4-- - - - - - - - - -------- - - - - - - ----------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
75 - SCS c 8 su+ I 3 r SCS 
SS CORT NE 
58 CON NUE 

C 
C CHEC SEX 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - ----- 

F (SEX. GT ( ) () TO 76 
SEX a SES - - - - - 

75 F (SEX. E. 1) GO TO 77 
C RE - 

As GKS) = 15 
--------------G-c-4-3-) = --N- 49-)--- -- -- -- --- 



4,122,518 
169 170 

7? I F (SEX. NE. 2) GO TO 79 
C - FEM - E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NG ( S) = is 
- - - - - AW-C-C 2. AC-13) r-1--------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Fc SD 4 k 79 ) . E. Y) S 4 c. 73 a 9 
-- C -CHA E-Y-TO-BL-A-K-LSS-SD-A-S-CACE-BY-SE------- 

3 CONTINUE 
- - - - - If c 0 FSF.-E.-----) - S0---403---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
C. S K P C A.S.S.F. C.A.C. - F.C.ES-ABE - S - iPU----------- - - - - - - - - - - - - - . . . . --- . . . . . . . . . ---- . . . . .-- 
C 

... --C-D) lit LT All-RSS CES E-COSOES-O-R) UPS - m 

D-28 - R - N.B. -------------...--------- . . . 
IF ( C HD IRR B KRO, N). EQ. 2) GO TO 299 
Cas ( Ch D R (C.N) CAB (4) CH B.R. C. D. N.) at CTA B-c.5) + CHER-CA-N). 
is C A K a 

- - - ----------- (-(FLA (C4) R-L-E-C-)--CA-B----0-AC4b-R-00--------------- 
as CAS (2) + FOA R AREAN) ) CT AB & 3) ) 29. ) + 

FK. G. 51-) - L = 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - v. 

CA OTCON (, CI SS - 2 
CA 0 UTC-9-e-C - C -- a-2). - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA OTCON c. C. c. 7), -23 

---------------as- --- - - - -- - - - - ---, --, -n -------- - -- 

IBN) = i 
F (-i C. EQ. e. OR. CHDI-R (PSO-2A, H) - T. 1348.0R. Chpi R (AREA, N). GT. sae) 

1 SG TO 82 
C P Ui Nijk GROP F BOB 08 ERA.P. 

C 83 = , GT2, 2 
- - - - - F --G-AE---------A-------L-S---------9-9-09--89----------------- - - - - - - - - - -- 

S H THE GR3t P M ETS FOR THIS WR JE OF G T 32 
& 3 C ). NE - - - - - - - - - - - - - - - - 

82 a 1 
C 8 ECT S IN THE FOR BEN - 2 ME 

GOO 1 a 
85-0---N- - - - - - - - - - - - 

CA TYPE ( ' A SOTS F. " ) 
. . G.). - 2 - - - - - - u- - - - - - - - - - - - - - - - - - - 

a CNT INUE 
Js & J-hi ). A 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - 

9 CNT INUE 
- - - - ------C-All-OUT-C-G-----Clu-269-29-...--------------------------------- 

F & DEBUG) CALL QPR T C C , 27 
- F (NOC (J). Eg. 25). GO TO - 85 . . . . . . . . - - - - - - - - - - 

NOG) a c) - 
CIG ( ) a C G () bi - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OFG (Cicy ) is 
29 a cote 

iF & i Y GR OF IS HE YY OR L 4, TRY TO MGWE CHRMOSOES AROUND 

2 FA = 3 
223 CNNE 

- - - - - - - KHS 3 - - - - ------- - - - - - --------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Wre 
O 3). 2 is 2, G. - - - 
F (CGC) . G E fic ) ) G30 399 () 

k. 2 J- 1 - -- - - 

CAkae 
- - - - --bti-N-33-08-0-- - - - - - - - - - -------------------- - - ---- ... ------------------am --------- - - - - 

C GROUP J S L CHT, SEE IF A PRECE). NG GROUP S K EAWY 
25.9. Ka -k2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F KHOG (K). L. E. (K) GOTO 259 
C. GROUP K IS HEAWY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F NFL.E.9 O 239 
----------.225 - 5 - NF Ali ----- - - - 

IF ( K. E. G. KFA (K), AND. J. E. FAIL (N) ) GO TO 235 
C S J At B K HRS AREAD F A LED - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

225 CON 
23 Ka K. - - - - - - - - , , - - - - - - . . . . . . . . . . . . - - - - - - - - - M - " - w M - - - - - - - - - - - 

JEJ 
- C - SAE-HEAY RNB - LGI. C.R.P. UBERS - - 

235 CONT E 
- ... I 1 at (K. . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -u- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

I2 = CE (K) 
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- - - O. 24.0a - Is , 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
f = 0 FC ( ) 

--------CCTB& --------...------- -- - - - - - - --- 

is TB cy 
a + J-. . . . -- - - - - - - - - - - - - - - - ' ' ' ' t " - - - - - - - - - - - - - - - - - - - - - , . . . . . . . . . . 

If IC. T. Cf (J- 1 . . ) . OR. I. C. G.T. CT K JJ, ILY) GOTO 249 
C OBJECT IS - i. G. Riot P J 10ST LIKE IF Close . To ce. ER. F. 
C All FAR FROM CETER OF K 
- - - - - - - - - c. (C-C-G-Y) & 24----e AL - ) ha242) - a ... ...-- -- -- ------------- 

i A38 ( ( ( IC-AC (K) ) - f2+ c 1 - AL (K) ) - 2), 
. . F. D. G. E. B. N.) Gig .242 . . . . . . . . . . . . . . . . . - - - - -u- - - - - - - - - 

C THIS IS THE iOS T L KEY CAD BATE SO FAR 
KSAW =K - - - - - - - - - - - - - 

SAWs 
- - - ------CR is - - - - - - - - - -...--...--...----. --- - --- - - - - - - - - - - - - - - - 

DPI Rre I) 
243 CE 
2593 OT : E 

F & C R N EQ a) GO TO 333 
* OWs - O W, 

- C - We OBJECT-N-FR). 20. Up - KSA. T.O. GROUP J . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - 
CAL - UTC ) & KS AW, MSC (22 y, 3) 
CA. Of CO (, PSG (29), 3) - 

IF (IEB UG) CALL QPR i Ni (HtS G, 2 sy 
OG (3) Rig & J ) + i 

CIG (3 - C G (, ) + i. 
- - - - - - - F.G (Ci G ( ..) sick ----...--...----...- ... . . . . . . -- - - - - - - - - - - - - --...----------. - ... ... --- - - - 

CIG (k SAy) = CIG (KSAV) - 
G (k, SAW) = DC (KSAW) v . . . . . 

I 2s Ci G (KSA) 
DO 2592 as I SAW. I 2 

2639 OFG ( ) OFC It ) 
-----C. ClOSE-1P. The REHAIN ING OBJECTS - I h . THE GRup ... ------------- ----- 

3909 CONTINUE 
If c 0. y GT. By GOTO 22 - - - - - - - - - - - - - 

C if SOMETH ING GAS MOVED, SEE F MORE MOVES ARE poss E 
IF (ch. EQ - e.) GO TO 3 led . - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C KH IS HERYY AND J S 1 GHT BUT NO SIMPLE POWE was poss BE 
- C - SFE - E - THERE - 9. A Co - PLEK. & M ULT I.-- EYE - Howe TAT case Re; 

s : 
JG & = J. 

33i () i. ( ) = KH 
3229 CA. CFO (KC ( ), JG ( ), X, C-A CTF). 

C CHECK FOR A CHRPS OE THE KC-G OWER AP AREA 
---------- F - X: EQ-8-)-(-)-9-394-8--------, -------------------------------- - - - - - - - - - - - - 

G(t) = x 
C, SAWE NSX NUBER 

F k (). Each) GOTO 386) 
C E - E) O GO 4P EWE. 

Ratl 
------------G-(-)-skg------------------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GOTO 33 3 
343 k G ()- KG (3 + . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - w - - - - 

C OOK AT THE NE GROUP OF THIS EVE 
- - - F ( KG () . L T : G L XX - G9 TO 3929 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

s 
--C-G-D-9-N-O-R-S-S-E--- ----------- ------ - - - - - - 

IF - c. 3) To 39 40 
C - FAED -0-- F - 2 --A - G)0---0-WE- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FAI = RFA + 
- - - - - - F-C-F-A----. GT-i-9) -- S0-0-31-99 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

KFAL (FA) sk 
(JFA------R-A-T-9-a- - -- 

CALL OUTCON (KH, FSG (22), 3) 
- - - - - - - - - - - - - - CAL OF ON-FS-G 2-9)-3-)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F (DEBUG) CALL QPRINT (FSC, 36.) 
- - - - - - - G-0-220 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
3S, CNE 

----C-PAKE THE-L-40 ES 4.-Alt-BEE-ED- - - - - - - --- 

388 = 
- SAW's G() - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

J as G. () 
ki AKG () - - - - - - - - - - - - - , , , - - - - - - - - - - - - - - - - - - - - - - - - - - - - " - " - 

OG Gr) ski & G) + 1 
------C-C-C-G-C-C-C-G------------------------------- ------- - - - - - - - - - - - - - - - - - - - - - - - - 
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FC (CI C) Of GSR) 
- - - - - - - C. C. K.G.) a -k r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

O a K - 1 
-2s--G-G-- - - - - - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - 

to 37 is ISA 2 
-...--38 - OECC) aloeC(-)----------------------------------- 

38 CONTE NE 
... - - - - - - CA - 0. CKH SSC (22) 3) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CA O ( , S3 2, 3) 
F (E3). CA - PR SMS, 39 - - - 
GOO 2 

. C-L-OO-FOR-R-E-P-9.S.----------- - - - - - - - -- - - - - - - - - - -------------- - - - - - - - - - - - 1 - - - - - - - - - - - - - - 

C 
C DO-E. O.W.I.G. C. ROOSES - BEEE - GROUPS. . . . Ng-RER...HE ROOSES - 

EC RUF 

33 C NE 
---------0-0--d-------------------------------------------------- - - - - ------------- - - 

F. NOG). E. OT 3 
- a ----)- - - - - - - - -u- m -- m- - v- - v- - -m v - am a v v - V -m -m-, -- v-- - - - - - - M - M - M - - a M 

2a: CG) 
- - - - 24, a .2 - - - - - - 

OFG ( ) 
-------------Car CBC-9- - - - -m M - V - - - ----- - - - - - - - --m a man vu-a ----- a-- - - - ---- 

= Bc 
. . . . . . ) is Car S ( ) . . . . . . . - - - - - - - - - - - - - - - - 

I FCST (). T. e. Y IN ( , ) is - Y IN ( ) 
- 2 . C. E . . . . - v- - - - - - - , - - - - , . . . . . . . . . . . . 

C STORE Y INTERCEPT 
as 

242 CON I. 
2s. IS (J) ( ) - - - 
F. L. S. K+ ) OTO 2 E 

a - 1 
F ST 2) - SEN GTO 24 

- - - - - - - - - CAL. -SSutc. --S----- ---- a--, -um --------------a-ra-rr -r- ---w. --- : - - - - - - - - - - ' ' ' ' 

FK St. E. CA TYPE A SS F 
242 - 

244 E 
is is ) a C G (if X +. 
O. : G ) = O(NG + 1 

---------- F-C-E-G-G-C-) = -2---------- - - -m-rra w 

2s 2 
- - - - - - - GOTO - 242 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

24s CONNE 
- - - - - - - 0.-26a. --1-2. ----------------------------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

YES99 
- 25 is a 2 

F E. 2S 
. Is IT (I) . . . . . . . . . . . .----------...----------. . . . . . . . .-...----------. . . . . . . - - - - - - - - - - - - - 

Nas 
- - - - 25 - COTE----------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OfS is FN 
- Y(II) ess - - - 

259 CONTINE 
--- C - SRETHE GROPORDER OF Y ------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

39 CORT NE 
- - - - 3 - C0 ite---------------------...-------------------------------------------------------------- - - - - - - - - - - - 

C 
--- AE-ANY THER. AllSt EIS REED --- 

- - - - - - - - - - l ()--Soo. 35.---------...------------------------------------------------ - - - - - - - - - - - - - - - - - - - - - - - - - - 
C CHECK FOR NO X SEPARATION FR C GROUP ESRE) 

---C-FIRE THE-X. OR-S-X. N. GRO, P.C.------------------. . . . . . . . --- - - - - - - - - - - - - - - - - - - - - - - - - - --------------- 
= S (5) 

-- - 2 - 5---------- 
3a 2 

- - - - - - - - - - 22- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
F ( ) (5)- E - 6 Oc 3 

- - - - - - - - FG (5)-- E - 45- - GOTO-353----------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C C H R S S, THERE ARGES S R 

-------0S-2s. OFS-C-3)--------- 
329 se I 3 4 

32 - OFS. I.) is FS ( - ) . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

OFS (2 - ) is 3 
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3 
33 C 

C C -.' 6 : A 4-4 E.--&-X - - - - . . . . . . . . . . . . . m --- m -- w a ------ ------ - - - - 
EF - S 

F = FS 3 + . . 
. . . . . . . . . . . 

3 : FS cFS . . . ) 
FS 2 - ) is Ei 

35 CE 
F 8: G (N E. 5 OR. S.E., E. 2 T 

C F 5 i GROUP G, F I RD THE Y CHRO (SOE 
at S ( ) 

2s. I 1 - 4 

CFS - 2 - 1 FP. - - - - - - -- ... -------------- m -- a--m-m-m-- - - - - - -----rm --wr- - sm - - - - - - -, ... 

F OFS ( 2).-E. x C ) . . . . . . . . . . . . . . -- --- - ----- - - - 
- 

O 3s a I 2 
H is OFS ( ) 

5 a CD I R C A REA, C C D R D R a CH R DRS y 
I FC te Ax 3 
A. 
H 
-- 

33 T I UE 
4 = 2 - 
33 I - , , ; 

3.9 C FS OF S. . . . . ) - - - - - - - m m - M m 

FS I is 
OFS (2 + 1) ch 

43 IE 
it ... b3 i " . . . . . . . . 433 
42 is S 

E-S-S-S----- -- - - - - - - - --- - - - - - - - - - - - - - - - --------- - - - - - ---m- v-- - - - - - - 

C. Sris OS 
F. E. S. E. G 42 

C ELETE OBJEC IN LS IF NESN 
OS O.B.S. st 
O. : 42 

- 4---------- )---i-E--------- - - - - - - - ------- - - - - - - ----------------- -- ------ ------- - - - - 

SE: FS (ES 
Of S = OF SOS) 
OFS OS. s. SAE 

492 CE 
3 CONTE 

------A-D-dS. st-R---0-JESS-DE-R-A-2-S-APS--------- - - - - - - - - - - 
4 = 

it IS. 
x IS C - - 1 

: BEs 
45 = 2 

- - - - - - - S&S & 3. SS-(-)-4----------------------------------------- ----- MM - 
A A PE GUS ET 

F : Si I 
F : P E 3 9 

S 24 ski RKO RS, P) r S S 2 
F (3 24 E. 3) OC 4 - 

- SCS K- S-S-------S2-4-12------------------------------------------------- . 
C E B E FOR IS BEC 

E = --S 24- - - - - - - - - - 

4 34 F SCS ( ). T. S. Y SCS ss 
95 CORE M 

4 3 C is E 
- - - - - F. S. G. F. --.....A., SO-C---GO-4-25- .- -------------. .u. . 
IF FS 3 OF 3 ki S SPECIF ED, E NOT CHANCE . r 

C N F I RES 
43 i.2 6 
4.5 T is 18 

is . . . . . . . - 
... K. P. E . - G - 5 - - - - - - - - - - - - - - - - - ------- - - - - 

THIS IS - E if S E ri ni - C - if S L T ON | HE RE 
E 3: SCS SR ) - ) + SS 2a2+ PSER 

FC ITEP - F. S. SC is IP 
C RE. T. S. F. R. J. E. 

is 
4-5. . . . E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . 

C 
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428 CONTINUE 
..F (S.O.C.T. ANS)). NSO at ASQ-- . . . . . . . . . . . . . . . . . . .------------...-...--- - - - - - - - - - - - - - - - - - - - - - - 

C 
C OPUT RESULTS. OF. CLASSIFICATION. . . . . . . . . . . . . . . . . . . . . . ---. -- - - - - - - - - - - - . . . . - - - - - - - - - - - - v- - - - - 
C 

--. 425 . . . .COT LE. --- - - ----------am-1- 
O S82) S 
SRIs SR ) - . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

DO 450 s 1, 18 
. Ja. SRI - J - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NP OFS ( ) 
F Tse Y.) NPA 

F & INP. EQ - 9 GO TO 452 
EP x C R K R P ) w? +8 

F (SCLT ( , ). LT TEP) ST ( , ) = | f EMP 
458 CONUE 
5) CONTINUE 

- - - - - CAL PUT (-10.Bf-3-- B.) ----------------------- - - - - - - - - - - - - - - - - - - - - - - 

CAL NY (NSO, OBUF & IB+ i), 24-29 - ) 
CAL CLOSE c 03F) 

C 
C ES RES 
C 

- - - - - - - CA. E. T.---------------------------------------------------------- 
EN 

C 
- C - k-k-k--------...---------...------------------------------------------------ 
C. k 
C - Y FE - - - - - 

C is 
k h it k + 4 kt is 

C 
- - C - KPE-PRODUCES-E-G-UPU-KAR YOGRA-FRQ-HS-CASS-F-C-A-0-ABLS-------- 
C PROD CED BY CASF AND THE ROTATED CHRONOSOME IMAGES 
C PRODUCED BY OR ISN-T. - - - - - - - - - - - - - - - - ------------------------...- - - - - - -------- 

SUBROUTINE KTYPE 
- - - - - - - - - - -COO/C -a WB-B, CBU-F-L, NST, RBN CEN IN CEMET--------- - - - - - - - ----------. 

CO ONMC MNSO, NFAG, GIO, SD, ISR, OFS, SCLT, SCS 
-TECER-SPAR-3)- CEE 80-y- 

BE I B (56) 
- - - - - - - EGER. --SR-6-) GIb c.19). S-D-98) - - --------------, - ... . . ... --- - - - - - - - - - - - - - - - - - - - - - - - 

INTEGER. R. (39) 
---. . . . . . BYTE- DBUF-3-283-9J F.C 23 480.3 - - - - - - --------. . . . . . . . . . . . . . . . . . . . . . . . . . . - - - 

EGER FBN (60), R3T (S), N T & 6), CEN NC 69), CFS (9 ), SCS (98) 
--BYE-L-ASE-21-6) - --------- 

NEER SCT (S 
- - - - - - - - - - - CA-L - il c. 9- - - - - - - - - - - - - - a ----d--- as - - - ) h - - - - - - s --- sus. -- alth - -t-. - - - - - - - - - - - - - - - 

1 s is a is a R, 78 ) 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C 
-C-OPE-DA-SES 

C 
- - - - - - - - - - CA - DC. EAR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C CLEAR GRAY SCALE 
- - - - C All AFI E4. Its-, - RCR. . . . . . . 13,43)- - - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . 

CA AFE ( 0BJ F, 5, PC , 5, 5) 
---------CA. L.--0PE--------324-0-0--d-RCR 9- - ----------- 

CA - 0 PE, COBF, 53s, 1, 'KC' 
CA. SR BEl WB- SPAR, 9-)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CA. L. W. C. M.W8 c B+1 ). As E, 26 

- - - O = 3 - r - - - - - - - - - - - - - - - , , , - - - - - - - - - - - - - - - - - - - - - - - 

C 
-C-RE-A-S-CH-R0030-s-p-R-SC9RY--by--D-F-A-e-SS- ------ 

C 
- CAL READ-41 MW 8, 1-, B. E. J.F. ( -) - - - - - - - - - - - - - 

NOS = y2 ( I BUF ( t ) 
9 = 3 - 

FBR ( . ) : I.2k 8 F ( - 3 3: . . ) 
------- - - - - - - ) is 24- 8 F.3-384.).) - - - - - - - - - 

NST K 3 = y2 & IBF (5+ 33: I ) ) 
CE - N ( ) is ABS (IW2 & IBF ( i 74-39s 3 
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CEE TH ( ) is W 9F (25+ 33 ) ) 
F. KNOB. E.g. ) . GO TO . 4. . . . . . . . . . . . . . -- . 

3 CONT NUE 
- - --------CA-READ-8-2-8---SUF -)-)- -- - - -- - -w- - - - - - ----------a --- - - - - - ,----. -- - -- ...u. 

0 28 as v 
- - - - - - - - - - FBR (It 30), W2 c i BUF-1438 x ).--------...-----. ... -------.... . . . . . . . . . . . . . . . . . . . 

N-T c + 39) is W2 c IBF & 3+2e by 
... - ... --- - - - NST (+39)_a 2-c. IBUFCS-430) ) -- . . . ...------. . . . . . . . . . . . 

CEN IN ( i + 33) a ABSc W2 c IBF (17+3e ) ) 
----------CEET (ld 30 ya BUF c. 25 4 3all ) ) - - ----- - - - 

F (NOB, EQ. -39 GO TO 49 
- 2 - - - - - - - - CONTINUE -- - - - - - - - - - - - - - ---. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C 
- C REA IN CLASSIFICAO TABLES . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - 

C 
49 Cor UE 

CA REA) ( WB B. BF ( ) ) 
CA. W. C. BUF ( ), S G, 2 2S ) 
F (NSO. T. 52) GO TO 99 

SPARC is a 512 
SPR (2) = NS 

--SPRR (5) F52- . . . . . --- - - - ----------------------------------- - - - - - - - - - - - - - - - - - 

CAL PABEL 09F, SPAR, ABE) 
C - - - 

C MA IN OF : 
C E. L. A SO OF E CPT KARY ORA4. 
C 
- - - - - - - -D-5-90-s--5-------- - - - - - - - - - - - - - - - - - - - - -m-m-m-m-ur- - - - - - - - - - 

SR = SR ( ) 
- - F ( , L.T.5-) . GOTO. 139 . . . ... -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C SEE F ERE ARE ANY OBJECTS R 5 

O. .429. E . 8 . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F (OFS (SRI -- ) . NE. 99 G3' 430 
-:42 --- CTE - 

GOO 500 
...NO OBJECTS ON RO-5 - - - - - - . . . . . . . . . -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

43 CONNE 
- - - - - - - - - - - - - R (2) Gb (-t-cr-2) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

R (3) = G. (2+ c - ) N.2 ) 
-----0-52 - A B 

s SR + - 1 
- - - - - - - - - - - Prof.S.-Ja) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------------- 

F (J. G.E. SR K - ) ) (NPs) 
- - - - - - - - - - - - - - - - CRL. OCC 2. Rc5t-Jr-1382) -2).------...-- -----...---------------------...--------------------. 

F NP. E. B. CA (32. R (S - (-) 2.) ) 
---4--COTE 

CALL SSTCH c. 8) 
- - - - - - - - - - - - - - - F (-B-E. 1) GC. 0 - 475 - - -----------------------------------------------, - - - - - - - - - - - - - - - - - 

CR YPE 8) 
C. . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C IN YOKE HE RO, BB ING ROUTINE 
--------- -- m-m-m-m---------m-m- -- 

475 CONTINUE 
- - - CALL. KRO (SR c. - ) - SR-FSSR ) - SC.). SCSSR), NSO - - - - - - - - - - - - - - - - - - - - - 

S (SR 3 NFA) 
- L0s Lot 2 S.C.T. ( ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . - - - - - - - - - - - - - - - - - - 

599 COT NE 
- C 
C COSE P. DATA SES AND RETURN 

SPAR ( ) is NLC 
CA PLABEL (33F, SAR, ABE) - - - - - - - - - - - - - - - - - - - - 

CA. C. S. (9) 
--...------CAll Club SE OBE)----------- - - - - -------------- - - - 

CAL ESXi 

ERROR 

9 3 CA TYPE ( SO TO SI 3 
------CA-TYPE 6 ------------- - - - - ----- --- --- -- 

CAL Exif 
- EA) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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SUS ROUTINE KROW (NSL, OFS, SCL, SCS, NSO, SD, NFL AG) 
- - - - - C-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C j k h 
C F - . - - - - - - - - - - - - - - - - 

C KR, we 
4. 

C a k is 
----C------ - - - - - ----------- -----------arror ----------------------- - - - - -w-r-r- - - - r """ 

C KRO CONSTRUCT S A RO OF THE OPT KARY GRA. T S I WOKED BY 
C K.P. E. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C 

. . . . . . . . . . . . . . COMON/C 1-1. We BUE, OBF L.S., FSN CELN CEEThi ---------------- - - - - - - - - - - - - - 
NTEGER CENIN (S3), CEES) 

---TEGER is a REP------ 
BTE CHAR 4 

- - - - - - - - - - EGES-SC-S D93).-- - - - - - - - . . . . . . . .-- - - - - - - - -., --...---- - - - - - - - - - 
BYTE I B (S6) 

- - - - - - - - - - - - EGER - T-69 ------, - . . .-----------------------...-- - - - - - - - - - - - - - - - - - - - - - - 
INTEGER OFS (9 ), SCS (99), N. c. 60). NST (6), FBi ( S) 

-- it EEP RSLRs, ST 
8TE OBF (31283, 8 UFC 2048), 9 FF 

- - - - - - - - - - - - - - INTEGER-RECS lz-ANSl------------------------------------------------------ - - - - - - - - - - - - - - - - - 
DATA 0187, FFM 27/ RECS 21 1324/. AXN SM29/ 

------------ DATA-X^e Z. Ya3/... REPLZ-4------------------------------------------------...- - - - - - - - - - - - - - - - - - 

C 
- C REIR-IF - Ss - - - 

C 
------- . . . .IF (NSO.E.) . GO-T-9-8----...---------------------------------...-...-- ...- - - - - - -- - - - - - - - - - - - - 

F (NSL. GT. Ax NSL) GO TO 999 
... C. . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C SET P BUFFER IND CES 
----C- - -- - -- - - H - --- - - - - 

c : ) a 1. 
- - - - - - - - - - - - - - - - 0-58 - 2 - S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
S ID ( ) in DT ( - ) +RECS 2 

- S0-4 ac St-t-). 12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
SCL 2 s.S.Ct. 2 

--C- 
C A ROW LOOP - PROCESSES EACH NE TH IN THE RO 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

B 232 = 1, SC2 
CAL PU c (3 F, 9, O...) . . . - - - - - - - - - - - - - - 

CAL ZIA (0.8F ( 0+ i), S 4 ) 
-C--- - - - - - ------- ----------------- -- - - - - - - - - - - - - - - - - - - - - - - - - - 

C S T LOOP - PROCESSES EACH SLOT TH IN THE CURRENT LINE 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - v- - - - - - - - - - - - - . . . . . - 

DO 1 S9 = i, NS 
stS). - - - - - - - - - - - - - 

N is OFS ( - ) 
------- F - NE 3) . GO TO 8- - -------- - - - ----------- - - - - - - - - 

C CHEC K FOR FIRST SOT OF A PAR EMPTY, BUT SECOND SOT Fly 
- - - - - - - - - - - - -f-c-d-. EA 3) --G8 TO-- S0---- - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C GO TO 150 IF BOfH SLOTS ARE EMPTY 
- 28 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - 

GO TO 39 
- C - ---- -- - - - 

C DEC DE IF OBJECT APPEARS ON THIS NE 
... C. . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . 

8 CONTINUE 
. . . This ill () . . . . . . . . . . ... ------------. . . . . . . . . . . . . 

N2 at NTN M2 
FL. T. SCL-N 2 . OR. L. Ge. SC+ NL2) GO TD 20 
Oa - SC + 2 

C - - - 

C CACUA TE N A SAPE FOR OBJECT ON OUTPUT NE 
C - 

NS a S X 
... -- - - , , S2, SI/2... - ... ---...- ...-------...----...- ... ----------------...--------------- 

F SCS ) + NS2. GT5 SCS ) = 5 - NS2 
Sir SCSI) - S2 - 

C GET FIRST BLOCK OF THE OBJECT - - - - - - - - - 

C 
------------BFB (N)----------------------- 

F ( I. B. E. 0) GO TO 129 
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C BYPASS- 08.JECT-F NOT RECORY . . . . . . . .-------------, ------------------------ - - - 
Per scS 2/NST 

. . . . .000 B) . . . . . . . . . . . . . . . . . . . . . . . . . . ... ---------------. . . . . . . . . . . . . . . . . . . . . . 
IFK MLO. G. T.) GO TO 99 

--------- CALL READCI BIRLOZLPBhe IR IBF (IDI ( ) ----- 
9. = IT c) + NOx NSN 

- - - - - - - - - - - - - - - - - - - - - - -------------------------------------------------------- - 
C RANSFER OBEC SEG ENT NO HE GUP BUFFER 
C ------. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CALL vic IBUF (J1), OBUF cois, MsTNs 
---.S. StST 

C 
. . . . C. SSE IF HIS IS THE CENROEREE----------------------------------------- - - - - - - - - - - - - 

C 
If N FLAG. NE 03 - G - TO is ---------------------------- - - - - - - - - - - - - - - ------------- 
E F (0. NE. CEN IN (N) - ) GO TO S0 

--- --- ----------- 

C CENT ROMERE LENE, FIND HERE TO PUT THE CENTROERE ARROUS 
C - - - - - - - - - - - 

Is IS-SN 
TAXs. Set . - - - - . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - 

DO 2 Use IT TAX 
-----------LF (BE ( Ift) --GT-1-)--TO-112------ 

3 CONUE 
. . . . . . . . ) O - 12. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

12 COT NUE 
T is IS ----. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

is ir-ir-i 
-------- F (BUF (int T-E-L-G - T-1- 

7 CONTINUE 
O B. K = 3, 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - - - - - M - - - 

OBUF c. 4- I -K) a FF 
8 O BUF (IO+ ITtky s ff - - - - - - 

GA) 15 
----------- --- - - - - - ------ -- --- - - - - - - - - --- - 

C CHECK TO SEE IF LIKE CONTAINS G8JECT 
C - 

12 CBE 
IF (NFLAG. E. 9. OR T. SC-2-3. O. R. L. G. T. SC-2-3. GO TO 39 

C 
- C - IRE toll AIS RFC -- SO PIT MBER. II (IPl - BFFER... - - - - - 

C 
L03 - SCL - L2+ 9 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

S= SCSc ) - 
F & I S. GTS). ES50. . . . . . . . . . 
F KN. T. 19 Sr S-3 

----- s - - - - ------------------ 

F KCENETH (N). E. 1) NN-N 
C. F.A.G OPERATOR CRRECTED CENTRERS . . . . . . . . . . . . 

CALL OUTCON (NN, CHA R (33, 3) 
CALL TEXT (CHA R 3 OBUF (IS) 1 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GO T. S. 
C, 
c CE . . .) SEE : F LINE CONTAIS GROUP I D 

3. CON INE 
F E. c. 2) as 2) S3 - - - 

IF c. E. 9). GO TO 42 
---...-- at T (-) 2. --...-...------- - - - - - - - - - - - - - - - - - - ---...------ - - - - - - - - - - - - - - - - - - 

F c. 3. . . NL2) N2 at 
4 3 CONUE 

IF ( L. f. SC + NL2+ 5. OS. L. G. T. SC+N2 + 9 ) GO TO 159 

C Li NE COT a NS GROUP I), SC. Oty TPUT A LINE OF THE I D TO THE OUTPUT BUF 
- C --------------- -- - - - - - - - - - - - - - - - - - - - - ---- -- - - - - - - - - - - ---------- - - - - - 

L. Oz: ( - SCL-N 2-5) M2 
Sas ( (SCS ( ) SCS c. 4- ).) M4) -2-23 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
F & S. GT. 4 S 4 x IS at 4 S4 

- - - - - - - - - - CALL TEXT (S.I.C. - 4 LO, OBUF (-10---S)-2-)- - - - - - . . . . - - - - - - - - - - - - - - - - - - - - - 
St. CONTINUE 

- - - E Y-LT-324). CALL-L-E (BUE -04- ) --SO-REP------------- 
YaY+ REPL + i. 

23. CONT IN E. - -- - - - - - . . . . . . . -- - - - - - - - - - - - - - - - 

REURN 



4,122,518 
185 186 

C B3FFER TCO SAL TO HANDLE THE RO 
--C- 

999 CONTINUE 
- - - - - - - - - - - - - CALL-YPE- - - - - - -3UFFER-0 Q-SALL-FOR - Roll)----------------------...------------------ 

CALL YPE ( ' ' ) 
- - - - - - - - - - RETUR--------------------------------------------------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - -- un n- - - - - - - - - - - - - - - - - - - - - 

C 
-------- 

C 
- -, 91... - - - CONE... . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - W - - - - - - - - - - - - - - - - - - 

CALL TYPE ( p r s SOs. " ) 
CR-L--TFE-ca.) -----. ------------ - - - -----... -- - - - -----...---------...- - - - - - - - - - - - - - - - 
RETURN 

----------Eb--- --- 

SUs ROTE 2 
ce - - - - - - - - - - - - - - - --, - - - - - - - - - - - - - - - - 

C 
Cap N2 
C 

is . . . . . . 
C 
C T S ROUTI he iS THE SECONB OPERATOR INTERACIN PHASE. IT . . . . . . . . . 
C ALOSET OPERATR to Ef ER APPROVE fle ARYOTYPE HICH IS 
c BE in G D is PLAYED on THE GRAY scALE Devic E, FOR HARD coPY OUTPUT 
C OR EL SE HAKE CHANGES WIA POBAND MOR CASFYKTYPE PARAMETERS. 
C 
C COMFOR REGION 

COMON/C MNS), NFAG, GB SD, ISR, OFS, SC, SCS 
COMORYC vCHR, NOB, SFIO, SPH, SPAREA, CURON, RC 

C I/O BUFFER - - - - - - - - . . . . . . . . . . . . . . . -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - w w 

SE OF (212) 
C MOB PARAE TERS AND CRRENT PARAMETER HEGH UA TER ARK 

NTEGER OB PAR 538), N, BRP ARR 4) . . . - - - - - - - - - - - - - - - - - - - - - - - - 

C CSF YaK TYPE PARAMETERS R N CURRENT PAR. HGH WATER PARK 
NTEGER Kry PR (59), 

C IN T2 LOCA PARAE TER BUFFER AND PON TER 
NTEGERPARC), P 

C RE-MOB CH ROOSOE SEECOR - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LOGICAL SE (SS 
C CASS FCATION A BES 
- IgE cus--- 

C 
C CHROOSE DRECORY AND TS FOR AT 
C 

INTEGER CHDIR ( 15,6e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - w - - - - - - - - - 

C. Block -- - -----------amar-H---------- 
- - - - - TTEGER CHO 

C HUBER OF LINES IN OBJECT . . . . . . . . . . . . . . . 
EGER BRN 

C NUMBER OF SAMPLES IN OBJECT 
NTEGER DIRNS 

LEGTH 
------ If E E REG 

C INTEGERATED OPT IcAL DENSITY 
NTEGER I () ) 

C CENTRO MERIC INDICIES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IEGER C ( CID, CIA 
C CE4TFOMERE LINE - - - - - - - - - a u- - - - -- - - - v - - - - - - - - - - ----- 

If E GER CENIS - - - - - - 

C PERIt ERE - - - - - - - - - - - - - 

NTEGER PER 
C AREA - - - - - - - - - - - - - - - - - - - w - - 

NTEGER AREA 
CPER H SUA RED DIVIDED BY AREA 

NTEGER PSQ " T - 
C. CENTROHERE LOCATION METHOD - - , , - - - - - - - - - - - - - - - - - - v v- - - - - 

- - - - - INTEGER CEMETH - - - - - - - - - - - 

C. PHASE NUMBERS FOR Mo B AND FOR CLASFY KTYPE 
INTEGER MOB PHA, KTYPHA. FOB PHABAND PH, FOURPH 

C RE-RUN F A GS - 
- - - - - LOGICAL ROBFG, if F.C.A.F., SFL 

C RAND AREAS 
- NTEGER SLC, SLCS, SE, S, Y, X, S1, S2 
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INTEGER SPAR ce), SST (513) is T (513) is 1, s2 
NTEGER KEY (3) 

BYTE As Ers). BLACK (72), PAR BUF (80), HOBBc5 6.e. 
C CASSF I CATION A BES 
C 

INTEGER GID ( 1 g ), SID (9a), is Rc6), OFS (91), SCLT (5), SCS (98) 

C DATA STATEMENTS - - - - -- -- - - - - - --------- - - - - - - - - - - - - 

C 
DATA BLKROM i? . Di RNL/2/. Di RHS 3/ LENGTH / 4, ob/5/. CIL/6/. CID/7/ 
1, C I AM 8/. CENLI HMS M, PERIMM 1 M. AREAM 1 / PSGDAM 27, CEMETH / 1 3/ 
DATA AKP AR 524/, FGSPH A / 6/, Mob PHA/8/, KTYPHA/9/. BAN3PH / 14 / 
BA EGPRMS 7. 2958a, FPA Sa 
DATA LABEL? 73 a BACK/72 127/ - - - -- - -- - - - -- - - - 

ATA NEM 37/ 
DATA MOBF LGM.FALSE. M., KTYFLGM FALSE. M., ALLFGM.FALSE. M. OSFLGM. FALSE. M. 
CA. W. & AR 3 BCASA ic CFEXEP SPR (CSRF 
1 AX C F R H S Lb D H UAAX RBQs' KEY 74) . . . . . . . . . 

C 
C INITIAL IZE CHROOSCE DATASE 

CALL TYPE ( CHECK (ARY) TYPE 8 ) 
CALL RCA - - - - - - 

C REA CURS OR ADUSENTS 
CALL AFILE OBJF 'RCR 
CAL PEN OBUF, 124 "RCR 
C All GABE c F, SPAR, 8) 
CALL kW ( OBUF (IB+ i +72), ABSE (2), 72) 

1313). 

READ INDIRECTORY & D CLASSIFICAT or Ases 

CA GE COBF 8) 
CALL WL & O BUF c B+ 1). No 9. 18) 
CA. W. ( B.Fc B+ 31). CHR 1 , , ), 2 1 SS) 
CAE GET & OBF 2 le) . . . . . . . . . . . . 
CALL MW ( OBF (B+3). CHR ( , 3), 2 S 30) 
CALL GET & O BUF 3. IB). 
CALL HWL & iOBUF (rei), NSO, 2.294) 

READ PREVI os PARAMETERS 
CA RPARA ca, OBPAR, AXPAR EPHA) 
CALL RPARA cK, cTYPAR. Ax PAR, KTYPHA). . . . . . . 
IF (K. L. T. 92) O TO 65 
KsK-92 
OSFGs. TRE. 

DO NOT RECLASS IFY. If OFS PARSETERS ARE PRESENT . 
ERASE O B FS PSSAE TERS, F PRESENT 

5 IF ( H. E.g. as GOTO 109 
T IF coe PAR (I.E.g. SE or 75 -- - - , , - - -- ------ -------------- - - - - - - - - - ------ - - - 

7 CNT NUE 
- - - - GO TO 29 

C RE18' E O SE PARAEERS 
75 as E - 1 - - - - - - - 

C REQUEST OPERATOR INTERACTION 
C 

3 CONTINUE 
18 CALL FAR ANP, PAR, 92, PARBUF 

IF (MP. EQ.e) Go To 500 
Pae - - - -- - - - - - - -- - - - 

ECO). E PRETERS 

DO 22) = 1, NKEY 
I F (PAR (P). EQ. KEY c J)) COTO c ee), 1 e58, 99, 9 e, 950, 259, 1399, 350 
1 1450, 1589, 1559, i. 660, 16S 3, 1730, i.e. 8 i 850, 950, 2009, 2e 50,225, 25a 
2 2200, 2250, is aa, 1 i 50, 200, 1750, 2 190, 1050, 1050, 1959, 2300.3 
3, 23.59 24 20, 2 452, 2583), J 

2) CONE 
CAL PE ( ' PARAMETER ERR) R' ) 
CA TYPE ( ' ' ) 
GO TO 3) 
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250 CALL TYPE (CURSORERROR) --- - - - - - - - - - - - - - - - - - - - - - - - - 

TT CAL PEC 
GOTO - - - - - - - - - - - - - - - - - - - - 

CAL PE ( YPE ONE OF THE FOLLONG KEY ORDS TO SELECT AN OPTION") 
CALL TYPE ( C - CHANGE CENTRO HERE (USE CURSOR) ' ) 
CA. TYPE ( ' F - FLIP AND CHANGE CENTRO MERE (USE CURSOR) ' ) 
CAPE ( ' R. ROA ECHR00SE (SECURSOR: ' ) . . . . . . . . . . . . . . . . 
CALL TYPE ( ' ' - WE CHR 0 SOE TO ANOTHER SOT' 3 
CALL TYPE ( x - REPOWE CHRooson E For KARY OTYPE - 
CALL TYPE ( P - PUSH A GRP OF CHRONOSOEs RIGHT OR LEFT ) 
CALL TYPE c L - AD A LABEL cTYPE LABEL ON SAE LINE) . . . . . 

A 
S 

CALLTYPE(A - ABORT ) 
CALL YPE ( S - SET P CURSOR TO CORRECT FOR ORFT ' ) -- 
CALL YPE OR 1 - NOW CURSO R p OR ON 9 T 
CALL YPE c RF - RERU FOB 
CALL TYPEC DS - B ISPLAYSPREAD') 
CALLTYPE (BC - CALL THE BANDED CLASSIFIER 
CALL fyPE ( ' RB - RERUR fie BANDE CASSF ER 
CAL PE ( 9 - GCC AN CAct AON) 

T CALL TYPE (g A DISPLAY VEF RHS 
CA TYPE Axl - SPLAY ARES ) 

- - - - - - - - - CA TYPE ( KC - CLEAR CASF PARAEERS 

CA TYPE ( ' C - CLEAR OB PARAMETERS ) 
CALL TYPEC A GR FE-MAE OR FEA) 
CALL TPE ( ' NX - NO X SEPARAT ON FROM C GROUP ' ) 
CALL type IF KARYOTYPE IS OK, TYPE CARRIAGE RETURN - 
CALL T'PE ( ' ' ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GOO - - - - - - - - - - - - - - - - - - - - - 

C 
CPA RR METER OR D - 0 WE CRSSRP of DON - - 
C 
933 CALL CU --- - - 

- GOTO 10 . . . . . . . . 
9 CA MC) - - - 

GOTO i 10 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C - - - - - - - 

C PARA - Ef ER BC - CALL BANE CLASSF ER 
-- - -- - - - - 

95 e CALL APHASE (BAND PH) - - - - 
GO TO 793 

C 
C PARA ETER A R - SET : Ax hur AHD M M PUP AREAS OF WAID CHROhio SDES 
C - - - - - - - - - - - - 

TT1389 TCALW PAR (IPS, BPR ( ), 85 
M = + 4 
3FG = . TRUE. - - - - - - - - 

GO 70 li 
C 

PA Rate TER Lu - LoCATE CENTRO MERE BYU IDTY RATHER THAN DENs. TY - - - - - 
C 
i.e59 CALL MVL (PAR (IP), MosPAR ch: 1), 4) a 4-2 . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

MOBFGs. TRUE. 
GO TO 

C 
C PARAMETER CI - SET CENTR0iRE OF CHRONOSOE SPECIFIE TO THT 
C INDICATED BY cuRSOR Post Io 
C 
i 139 CAL. KJRS OR (Y X , , S, SLID, SLCL, SLCS, N) 

F (N.E.R. 2) 25 - a - - - - - - - - - - - - - - . . . 

SEL (N) : TRUE - - w . 
t; . . . . . . . . . . . . . . . ), 23 
OEPARC - S3 = 
t = HIR CD R. N.) 

NOB PAR c + 4) al- (SLCL-IN M2) + 1 
C. NEC 8 ACK Y, X, 4, - 1) 
CALL, DLINE c BLACK. Y. 3, 4, 1. - 1) IFc Hospi (N+4). GE. L. O.R. roB PAR (+4). LEi GOTO 259 
s+ 4 
OFs RE 

GO TO 1 a 
C 
C. PAR fie T R fl. - Fli P. SPECIF ED CHROPOSOEP AND SET CENTR of ERE - - - - - - - 
C 

59 CALL KURSOR (' , X, L. S. SLID, SCL, SLCS. N.) 
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F. N. E. G T 250 
SEL (N) is . TRUE. 
CAL, MWL ('FL, GBPAR citi), 25 
HOB PAR 3) 
IHL E CHIR (DIRN, Ny 
0B PAR (+4) - (SCL-IN-22) is . . . . . . . . 
CALL DIN E & BLACK. Y. S., 4, - 1) 
CA DLINE BLACKY & 4. . . . . . . . . . . . . . . . . . . . . . . . . 

- - - IF (OBPAR-4). GE. OR.OB PAR. E. GOTO 25 

sit 4 BF G.T RUE. 
-------------- ' '-'. -------------------------------------------------------------------------- 

C 
c. PARAMETERROROTATE INDICATED chroMosog is O THAT THE 2 cu RSO R. 
C SPS BECOME WERT CA 
C 
22 CALL KURSR ( Y, , , S, SL, sc, SLCS, 

IFK. H. EQ. 9). GTO 250 . . . . . . . . . - - 
CA DLINE (B A CK, Y, -2, 3, , or ) 
CALL DIN EBACKYX-2, 3 ) . . . . . . . . . . . . . - - - - - - - 
SEL (X a RE. 

- - - - CALL MW ( ' Rol 40 BPARC Phi ), 2) P ----- -- --- 
MOSPAR c + 3) sh 
FRSTY's Y - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FRSTs. R 
- CALL TrPE (+OVE CURS OR TO END OF AXIS e) - - - - - - - - - - - - - - - 

CAL PARAK NPPAR, 1993 
-- CA. KURS OR (Y L. S. S. B. SC, SCS N) 

CAL D NE BACK, K-2, 3, , - . ) 
C All D. E. BACK, Y, K-23. 1 , ) . . . . . . . . . . . - - - - - - 
SY's Y 
S8=X - 
I FC FRS X. E. SX) o O 27 
F (FRST Y.E. 2 GO TO 1219. - - ----- ---- - - - - - - - -- - 

S = FRS 
six = FRSTX - 
F & Sr 'a' 

- - - - FRS as 8 - - - . . . - - - - - 

129 THE T A = A AN2 c (SX-FRS X). S-FRST Y.) ) 
... . . . . GO TO 2 is . . . . . . . . . . . . . - - - - - -- - - - - - - - - - - - - - - - - - - ------------- 

2. HE FA = 2. 
1215 CONTINUE - w - - - - - - - - -u- - - - - - - - - - - - - - - - - - - - - - - - 

- - MOBPAR (H+ 4 = THETA: DECPRD 
M = M + 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

-- OBFLG ar. TRUE. - - 

- GOTO ----------- 
C 
C PARA HE TER AL - RE-Mos AL CHR oroso MEs 
252 AFG as TRUE. 

GO TO i.e - - - - - - - - - - - w - - - 

C { PRR E E R S K - ). TP Sik E LETON PICTURES INSTEAD OF GREY EEL. P. CTUSE 
C 
33 OSPAR c-- 1) s. PAR (IP) 

st 4-2 
MOBFL G = . TRUE 
GO TO - - - - - - ----------------- - - - - - - - --------- - - 

--- - - - - - - --------------------- ------- 
C PARAMETER - N - NO OBJECT NUMBERs - 
t 
359 Y P&R (x : y : P 3 ( Py 

k sk+ 2 
KTYFG = RUE. - - - - - - - -- - - - 

GC 1 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CPARA ETER A - MALE KARY OTYPE 
C 
459 KTY PAR (K-S spec P) 

kick + 2 
- - - -- KYFG. T.R.E. 

GO O . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - 

C - - - - - - - - 

C PRRR PETER KC - CLEAR CLASFY/KTYPE PARAMETERs 
C 
1589 K=3 








































































